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SUMMARY 

St. George bas in  is  a long (300  km), narrow (30-50 km) graben whose long 

ax is  s t r i k e s  northwestward, p a r a l l e l  t o  t h e  con t inen ta l  margin of t h e  southern 

Bering Sea. Located near t h e  P r i b i l o f  I s l ands ,  and beneath the  v i r t u a l l y  

f e a t u r e l e s s  Bering Sea s h e l f ,  t h e  bas in  is  f i l l e d  with more than 10 km of 

sedimentary depos i t s .  These sedimentary rocks a r e  ruptured  by normal f a u l t s  

a s soc i a t ed  with t h e  s i d e s  of t h e  graben; t h e s e  rup tu re s  commonly c o r r e l a t e  

with o f f s e t s  i n  t h e  basement sur face .  Of f se t  a long t h e s e  f a u l t s  i nc reases  

with depth implying t h a t  they  a r e  growth-type s t r u c t u r e s .  Basement rocks,  

t h a t  f l o o r  and f l ank  St .  George bas in  a r e  p a r t  of an assemblage of Mesozoic 

euqeosyncl inal  rocks t h a t  extends from southern Alaska t o  e a s t e r n  S i b e r i a  

beneath t h e  Bering Sea margin and o u t e r  s h e l f .  A p a r a l l e l  b e l t  of igneous 

rocks of l a t e  Mesozoic and e a r l i e s t  T e r t i a r y  age may a l s o  extend from western 

Alaska t o  no r theas t e rn  S ibe r i a  beneath t h e  i n n e r  Bering Sea s h e l f .  

The Bering Sea margin and ad jacent  she l f  were apparent ly  u p l i f t e d  by the 

end of Mesozoic t ime,  r e s u l t i n g  i n  deep s u b a e r i a l  e ros ion .  Following u p l i f t ,  

t h e  o u t e r  Bering Sea she l f  has undergone ex tens iona l  r i f t i n g  and r eg iona l  

subsidence. D i f f e r e n t i a l  subsidence has r e s u l t e d  i n  t h e  formation of a  s e r i e s  

of basement r idges  and bas ins  whose axes p a r a l l e l  t h e  Bering Sea margin. Some 

of t h e s e  bas ins  a r e  very l a r g e  t o  g i g a n t i c  i n  s i z e ,  e .g . ,  S t .  George bas in ,  

and involve c r u s t a l  subsidence exceeding 10 km. Such l a r g e  s c a l e  c r u s t a l  

co l l apse  suggests  deep c r u s t a l  o r  upper mantle processes ,  such a s  thermal 

metamorphism o r  s t ress - induced  c r u s t a l  migrat ion.  

Nine wel l s  d r i l l e d  along t h e  nor thern  c o a s t  of t h e  Alaska Peninsula ,  as  

w e l l  as seve ra l  onshore Sovie t  we l l s  i n  no r theas t e rn  S i b e r i a ,  r e l a t e  d i r e c t l y  

t o  t h e  submerged bas ins  of t h e  Bering Sea s h e l f .  Although a l l  of t h e  wel l s  on 

t h e  Alaska Peninsula  were abandoned a s  d r y  ho le s ,  shows of o i l  and gas were 



found. I n  a d d i t i o n ,  S o v i e t  d r i l l i n g  r e s u l t e d  i n  t h e  d i s c o v e r y  of o i l  and gas  

shows i n  Oligocene and Miocene sands  tone .  

Reg iona l  geo log ic  and geophys ica l  mapping s u g g e s t s  t h a t  t h e r e  a r e  

s u i t a b l e  source  beds ,  r e s e r v o i r  r o c k s ,  and t r a p s  w i t h i n  S t .  George b a s i n .  

However, it is  n o t  known i f  hydrocarbons a r e  p r e s e n t  o r  i f  t h e  p o s s i b l e  

r e s e r v o i r s  a r e  of commercial s i z e .  A r e s o u r c e  a p p r a i s a l  o f  S t .  George b a s i n  

o u t  t o  200 m e t e r s  wa te r  dep th  i n d i c a t e s  t h a t ,  a t  5 p e r c e n t  p r o b a b i l i t y ,  6.4 

b i l l i o n  b a r r e l s  of o i l  and 18.6 t r i l l i o n  cubic f e e t  of gas may be i n  t h e  

b a s i n ;  a t  95 p e r c e n t  p r o b a b i l i t y  0 . 8  b i l l i o n  b a r r e l s  of o i l  and 4 .5  t r i l l i o n  

c u b i c  f e e t  of gas may be i n  t h e  b a s i n .  The s t a t i s t i c a l  mean of t h e  a p p r a i s a l  

i s  2 . 7  b i l l i o n  b a r r e l s  of o i l  and 1 0 . 3  t r i l l i o n  c u b i c  f e e t  of gas. 

A l a r g e  number of f a u l t s ,  evidence f o r  r e c e n t  movement a long  some of the 

f a u l t s ,  and h igh  s e i s m i c i t y  a l l  i n d i c a t e  t h a t  f a u l t i n g  i s  a major 

environmental  concern f o r  t h e  o u t e r  c o n t i n e n t a l  s h e l f  r e g i o n  of t h e  s o u t h e r n  

Ber ing Sea ,  e s p e c i a l l y  i n  St. George basin. Most of t h e  f a u l t s  a r e  

p o t e n t i a l l y  a c t i v e  and t h e i r  movement i s  probably influenced by t h e  local 

geology, i n c l u d i n g  basement s t r u c t u r e s  and sediment  load ing .  Uns tab le  

sediment masses pose  p o t e n t i a l  t h r e a t s  t o  r e s o u r c e  development i n  t h e  v i c i n i t y  

of t h e  P r i b i l o f  Canyon. Volcanic a c t i v i t y  a l o n g  t h e  A l e u t i a n  a r c  s o u t h  of S t .  

George b a s i n  may a l s o  pose an environmental  hazard  t o  petroleum development i n  

t h e  a r e a .  Another environmental  hazard  is  t h e  p r e s e n c e  of sha l low g a s  

pockets, which could  pose such problems d u r i n g  d r i l l i n g  as blowouts and 

L i q u e f a c t i o n  of bottom sediment .  





INTRODUCTION 

Locat ion of Proposed Area 

This  r e p o r t  is a  summary of  d a t a  concerning S t .  George b a s i n  and t h e  

su r rounding  p o r t i o n  of t h e  s o u t h e r n  Ber ing  Sea s h e l f .  The a r e a  d i s c u s s e d  is 

bounded on t h e  n o r t h  by 5g0 N ,  on t h e  west  by t h e  171 mer id ian ,  on  t h e  e a s t  by 

the  165 meridian,  and on t h e  s o u t h  by t h e  200 meter ba thymet r ic  con tour  

d e f i n i n g  t h e  edge of t h e  s h e l f ,  ( F i g .  1) .  N o  d i s c u s s i o n  is made of t h e  

proposed l e a s e  a r e a  t h a t  i n c l u d e s  t h e  deepwater a r e a  s o u t h  o f  S t .  George b a s i n  

and t h e  A l e u t i a n  s h e l f  a r e a  ( F i g .  2 ) ,  

P u b l i c l y  A v a i l a b l e  Data 

Recent i n t e r e s t  i n  t h e  r e s o u r c e  p o t e n t i a l  i n c l u d i n g  t h e  hydrocarbon 

p r o s p e c t s  of t h e  Ber ing  Sea has s t i m u l a t e d  marine  geophys ica l  and geo log ic  

mapping of t h e  a r e a .  S i n c e  1965 t h e  U.S.  G e o l o g i c a l  Survey h a s  conducted 

numerous e x p e d i t i o n s  t o  t h e  Ber ing  Sea,  (F ig .  2 )  and  two of these c r u i s e s  

r e s u l t e d  i n  t h e  c o l l e c t i o n  of more t h a n  2,800 km of 24-channel seismic- 

r e f l e c t i o n  data over  t h e  s o u t h e r n  Ber ing  Sea s h e l f  i n  t h e  v i c i n i t y  of S t .  

George b a s i n .  Data p r e s e n t e d  i n  t h i s  r e p o r t  were d e r i v e d  from 24-channel 

s e i s m i c  r e f l e c t i o n  p r o f i l e s  t h a t  were c o l l e c t e d  u s i n g  a n  a r r a y  of f i v e  a i r g u n s  

(1 ,326 cu. i n . ;  21 ,723 cc) as  a sound s o u r c e  . Publ i shed  b a t h y m e t r i c ,  

magnet ic ,  and q r a v i m e t r i c  c h a r t s  of t h e  area west  of t h e  s o u t h e r n  Alaska 

Pen insu la  are a v a i l a b l e  from t h e  N a t i o n a l  Ocean Survey,  D i s t r i b u t i o n  D i v i s i o n ,  

C4411, R i v e r d a l e ,  Maryland 20840 (Geophysical maps: 1711N-17G, 1711N-17M, 

1711N-18G, 1711N-18M, and  1711N18B). A d e t a i l e d  ba thymet r ic  c h a r t  of t h e  

s h e l f  a r e a  by R. P r a t t  and F. Walton (Ba thymet r ic  Map of t h e  Ber ing  S h e l f ,  





Figure 2 .  Index map o f  a l l  p u b l i c l y  available geophysical and geological 
surveys i n  the  proposed lease area .  



1974) i s  avai lable  from The Geological Society of America, Inc., 3300 Penrose 

Place, Boulder, Colorado 80301.  Additional of fshore  magnetic and gravi ty  data 

may be obtained from t h e  Bedford I n s t i t u t e  (Dartmouth, Nova Scot ia ,  Canada), 

National Oceanic and Atmospheric Administration, Environmental Data and 

Information Service D6, National Geophysical & Solar  - T e r r e s t r i a l  Data 

Center,  Boulder, Colorado 80303, and t h e  Lamont-Doherty Geological 

Observatory, Columbia Universi ty,  Pal isades,  New York. 

The following sec t ions  include discussions of regional  geology, petroleum 

geology, environmental hazards a s  background t o  discussion of the  hydrocarbon 

po ten t i a l  and resource appra i sa l  of t h e  offshore area .  A sec t ion  on t h e  

technology and manpower needed and ava i l ab le  f o r  development of offshore 

resources i s  a l s o  included. For a discussion of resource p o t e n t i a l  of the  

e n t i r e  Bering Sea shel f  south of S t .  Lawrence Is land,  the  reader is re fe r red  

t o  Marlow and o the r s  (1976a), from which much of t h i s  r epor t  was derived. 



FRAMEWORK GEOLOGY 

Regional  Geologic  S e t t i n g  of t h e  Southern Ber ing  Sea She l f  

A g e n e r a l i z e d  geo log ic  map of t h e  onshore  e a s t e r n  Ber ing Sea reg ion  i s  

shown i n  F igure  3. D e t a i l e d  d i s c u s s i o n s  of t h e  geology of t h e  Alaska 

Pen insu la  can be found i n  Burk (1965) ,  Brockway (19751, ( L y l e  and o t h e r s  

( 1 9 7 9 ) ,  and  McLean (1979) , of wes te rn  Alaska i n  Hoare (1961)  and P a t t o n  

( 1 9 7 3 ) ,  and of e a s t e r n  S i b e r i a  i n  Churkin ( 1 9 7 0 )  and ScholL and o t h e r s  

(1975) .  For t h i s  r e p o r t  we w i l l  r e s t r i c t  our  r e g i o n a l  geo log ic  d i s c u s s i o n  t o  

t h e  Alaska P e n i n s u l a ,  wes te rn  Alaska,  and t h e  o f f s h o r e  a r e a  of S t .  George 

b a s i n .  

Complex geo log ic  s t r u c t u r e s  t h a t  i n c l u d e  rocks  a s  o l d  a s  Precambrian a r e  

exposed i n  c o a s t a l  mountains t h a t  f l a n k  t h e  sou thern  Ber ing  Sea s h e l f  ( F i g .  

3 ) .  Most of t h e  s i g n i f i c a n t  s t r u c t u r e s  t h a t  f l a n k  t h e  s h e l f  c o n t a i n  rocks  of 

Mesozoic and T e r t i a r y  age.  For example, t h e  o l d e s t  exposed rocks  i n  t h e  

v i c i n i t y  of S t .  George b a s i n  a r e  Upper J u r a s s i c  s i l t s t o n e  and sands tone  of t h e  

Naknek Formation (Burk,  1965).  The westernmost exposure of t h e s e  rocks  is  i n  

t h e  Black H i l l s  b o r d e r i n g  t h e  s o u t h e r n  Ber ing  s h e l f  ( F i g .  3 ) .  Seismic 

r e f l e c t i o n  d a t a  i n d i c a t e  that t h e  Black Hills s t r u c t u r e  ex tends  o f f s h o r e  a s  a  

s u b s h e l f  basement r i d g e  and t h a t  t h i s  r i d g e  ex tends  t o  and connec t s  wi th  t h e  

P r i b i l o f  r i d g e  a l o n g  t h e  sou thern  f l a n k  of S t .  George b a s i n  ( F i g .  4 ;  Marlow 

and o t h e r s ,  1979).  Upper J u r a s s i c  s i l t s t o n e  and sands tone  dredged from t h e  

top and t h e  f l a n k s  of P r i b i l o f  r i d g e  a l s o  imply t h a t  J u r a s s i c  rocks  extend 

from t h e  Alaska Pen insu la  t o  t h e  nor thwes t  a long  t h e  Ber ing  Sea margin (Marlow 

and o t h e r s ,  19 79 ) . 
Cre taceous  and o l d e r  Mesozoic e u g e o s y n c l i n a l  rocks  exposed i n  southwest  

Alaska n o r t h  of B r i s t o l  Bay t r e n d  southwestward toward t h e  Ber ing  Sea s h e l f  





F igu re  4 .  St ruc tu re - con tou rs  of acous t i c  basement beneath t h e  sou thern  
Be r i ng  Sea s h e l f .  D e r i v e d  i n  p a r t  f rom Scho l l  and o t h e r s  (1968), Scho l l  
and Hopkins (1969) ,  Marlow and o t h e r s  (1976a,b,1977). Heavy s o l i d  l i n e  
shows l o c a t i o n  of  s e i s m i c - r e f l e c t i o n  p r o f i l e  i n t e r p r e t e d  i n  F i gu re  9.  



( F i g .  3; Payne, 1955; Hoare, 1961; Gates  and Gry, 1963, P a t t o n ,  1973).  These 

impor tan t  s t r u c t u r a l  f e a t u r e s  e i t h e r  d i s a p p e a r  t o  t h e  southwest  beneath  t h e  

Bering s h e l f  o r  t h e y  curve  t o  t h e  nor thwes t  and merge wi th  t h e  b e l t  of 

Mesozoic deformed r o c k s  t h a t  u n d e r l i e s  t h e  o u t e r  p a r t  of t h e  Ber ing  s h e l f  a n d  

its margin ( S c h o l l  and o t h e r s ,  1975). W e  a l s o  s u s p e c t  t h a t  t h e  two major 

s t r i k e  s l i p  f a u l t s  of wes te rn  Alaska,  t h e  Denal i  and K a l t a g  f a u l t s ,  e i t h e r  

v a n i s h  t o  t h e  southwest  o r  t u r n  t o  t h e  nor thwes t  p a r a l l e l  t o  t h e  Ber ing  Sea 

margin. 

Geology of t h e  Alaska P e n i n s u l a  

Mesozoic Rocks 

The o l d e s t  sedimentary  u n i t  t h a t  c r o p s  o u t  on t h e  n o r t h  s i d e  of t h e  

Alaska P e n i n s u l a ,  along t h e  sou thern  margin of B r i s t o l  Bay b a s i n ,  is  t h e  

Naknek Formation of L a t e  J u r a s s i c  a g e ,  ( F i g .  3 )  a l t h o u g h  o l d e r  rocks  a r e  

exposed on t h e  P a c i f i c  s i d e  of t h e  p e n i n s u l a .  Naknek s t r a t a  a r e  w e l l  exposed 

i n  t h e  mountains of t h e  A l e u t i a n  Range from Wide Bay sou thwes t  t o  t h e  Black 

H i l l s ,  and c o n s i s t  of a t  l e a s t  1500 m of g r a n i t i c  conglomerate ,  a r k o s i c  

sands tone ,  and t h i n l y  bedded s i l t s t o n e  ( F i g .  5). The Naknek Formation was 

d e p o s i t e d  i n  a  n e r i t i c  marine environment a s  evidenced by abundant Buchia. 

Conglomeratic u n i t s  predominate i n  t h e  base  of t h e  s e c t i o n  and g rade  upward 

i n t o  sands tone  and s i l t s t o n e .  The Naknek Formation conformably o v e r l i e s  

sands tone ,  conglomerate ,  and s i l t s t o n e  of t h e  Middle J u r a s s i c  She l ikof  

Formation i n  t h e  Wide Bay a r e a .  

I n  t h e  P o r t  Mol le r  a r e a ,  s i l t s t o n e  of t h e  Naknek Formation g rades  upward 

i n t o  a r k o s i c  sands tone  of t h e  S tan iukovich  Formation ( F i g s .  5 ,  6 ) .  The 

a r k o s i c  composi t ion of t h e  Naknek s t r a t a  i n d i c a t e s  t h a t  unroof ing  of t h e  

g r a n i t i c  Naknek Lake b a t h o l i t h  o c c u r r e d  i n  Oxfordian ( L a t e  J u r a s s i c )  t ime.  



BRISTOL BAY AND ALASKA PENINSULA REGIONS, ALASKA* 

DESCRIPTION 

Quaternary-Recent 
Volcanics 300 m 5 

Vnconsolidatcd sediments and volcanic  
rocks. 

Milky River Fm ( T p )  
920 m + 

Conglomeratic rocks, sandstone m d  mud- 
s tone;  c l a s t i c  f r ac .  Volcan1c d e r ~ v e d ,  
f o s s i l i f e r o u s ,  marine and noruMrlne. 

Bear l a k e  Fm (Tlnb) 
1500 m + 

Sandstone and cong lmers t e  wlth 
interbedded s i l t r t o n r ,  mudstone, 
and c o a l ,  l o c a l l y  f o s s i l i f e r o u s ,  
marine and nomarine .  

Unga Conglomerate 
H e r  ( Ihbu)  
Local unconfonnity 

Sandstone, conglomerate,.  t h i n  mud- 
s tone ,  l o c a l l y  volcanically-derived; 
l o c a l l y  fo s s i l r f a rous .  

Volcanlc mandatonea and conglomerate 
a n d  th lck beds of black s i l t s t o n e ;  
a l l  rock typea l o c a l l y  carbonaceous 
With l r g n l t e  scams i n  upper p a r t  of 
nequence: l o c a l l y  hrqhly f o s s l l l f e r o u s ;  
volcanic  flows near base and r a r e  ~ 1 1 1 s  
throuqhouti p redmlnan t ly  marlne. 

Meshlk Fm (Tom) Volcanlc conglomerate sandstone, 
volcanlc  b recc ra ,  a n d e s l t l c - b a s a l t l ~  
ex t rus ive  m l c a n r c  rocks and loca l  
s l l t s t o n e  o r  shale .  Present  a t  lur- 
face  and In subsurface from Chlgnlk 
Bay no r theas t  t o  Uyashrk Lakes a rea ;  
probably r n t e r f l n g e r s  with Stepovah 
Fn. and upper p a r t  of T o l s t o ~  Eh. 

Tols to i  Fm ( ~ c t )  
1500 m + 

s l l t s t o n e  with interbedded volcanic  
sandstone and cong lomra te  ; flows, 
s i l l s ,  volcanic  b recc i a ;  n o w r l n e  
t o  brackish  water envlronment; r a r e  
marlne f o s s i l s ,  camon p l a n t  remains 
and very abundant i n  lower p a r t  of 
aequence. 

Hoodoo Fm tKh) 
610 m + 

S i l t s t o n e ,  s i l t y  sha l e ,  c laystone wlth 
frne-grained sandstone, Black t o  dark 
grey color .  Outer n e r i t l c  t o  deep 
marine envlronment. 

Chlqnik Fm (Kc) 
460 m + 

Sandstone, s i l t s t o n e ,  minor mudstone 
and conglomerater shallow marine. 

Coal Valley Member 
of Chlgnlk Fm 

Conglunerate, sandstone, coal :  non- 
marine. 

Herendeen Ls ( K h l )  
150 m 

Calca ren i t e  wlth abundant Inoceramus 
p r i m a .  

Staniukovich ?m 
( Jks )  610 m 

Feldspathic  sandstone and a rkoae ,  
t h i n  s i l t s t o n e ,  l o c a l l y  abundant 
Buchiai shallow m i n e  environment. -- 
Claystone and s r l t s t o n e ,  prcdomlnanrly 
r n  upper p a r t  of un l t ;  lower p a r t  
c o n s i s t s  l a r g e l y  of f e ld spa th l c  
sandstone with some rnterbedded clay- 
s tone,  s ~ l t s t o n e ,  and conglomerate; 
l o c a l l y  abundant Buchla and belemnltes; 
shallow marlne t o  n e r i t l c  envlronment. 

Naknek F '  ( Jn )  
1500 t o  3050 m 

c h i s l k  Conglomerate 
Hemter (Jr.c) 120 m 

Pebble t o  boulder conglomerate cons l s t -  
ing of l a t g e l y  g r a n l t i c  d a b r l s  at base 
of Naknek Fm; crops out  nor t f i  of Wlde 
Bay. 

S l l t s t o n e  and sha l e  w i t h  l enses  o f  
l m e s t o n e ;  marine f o s s i l s  abundant. 

, . , . Shelrkof (Js) 8 1: 2150 m 
a ,,,* 
2 
2 U - -  - - - 

Sandstone, s i l t s t o n e ,  conglomerate, 
marine envlronment. 

S l l t s t o n e ,  sandy s l l t s t s n e ,  sand- 
s tone,  a5h beds and abundant 
c a l c i t i c  concret ions;  msrrne foss11s. 

Rare, small outcrops  

Sandstone sandy sha l e  and conglomerate, 
becomes more sandy near top of u n l t ;  
marlne f o s s i l s .  

Limestone, che r t ,  v o l c a n i c - r ~ c h  rocks; 
crop ou t  a t  Puale ~ a f n o r t h w a r d .  

M d i f l e d  from Bmckway and o the r s  (1975) . 
Figure 5. Composite columnar section o f  strata i n  the Bristol Bay and Alaska 

Peninsula regions. 





On t h e  Alaska P e n i n s u l a  approximately  600 rn of uniformly bedded a r k o s i c  

marine sands tone  and s i l t s t o n e  beds of t h e  S tan iukovich  Formation conformably 

o v e r l i e  t h e  ~ a k n e k  Formation. S t r a t a  of t h e  S tan iukovich  Formation c o n t a i n  

abundant l a r g e  Buchia which a r e  i n d i c a t i v e  of a P o r t l a n d i a n  t o  Va lang in ian  

( L a t e  J u r a s s i c  t o  Lower Cre taceous)  a g e ,  The S tan iukovich  Formation i s  i n  

t u r n  conformably o v e r l a i n  i n  t h e  P o r t  Mol le r  a r e a  by t h e  Herendeen Limestone; 

which c o n s i s t s  of 100 t o  150  rn of dense a renaceous  l imes tone  and c a l c a r e o u s  

sands tone  t h a t  c o n t a i n  abundant Inoceramus pr isms.  The Herendeen Limestone i s  

cons idered  t o  be H a u t e r i v i a n  and Barremian ( e a r l y  E a r l y  Cre taceous)  i n  age. 

Rocks of comparable age a l s o  occur  n e a r  Cape Douglas a t  t h e  s o u t h  Cook I n l e t ,  

and i n  t h e  Matanuska V a l l e y  i n  s o u t h e r n  Alaska.  The Naknek and S tan iukovich  

Formations and t h e  Herendeen Limestone a r e  s t r a t i g r a p h i c a l l y  conformable wi th  

each o t h e r ,  b u t  t h e y  a r e  unconformably o v e r l a i n  by carbonaceous and l o c a l l y  

coa l -bear ing  sands tone ,  s i l t s t o n e ,  and conglomerate  of t h e  Chignik Formation 

of L a t e  Cre taceous  age. S i g n i f i c a n t l y ,  no  rocks  of d e f i n i t e  Alb ian  t o  

San ton ian  age  (late E a r l y  and e a r l y  L a t e  C r e t a c e o u s )  a r e  known i n  t h e  Alaska 

P e n i n s u l a  (Burk,  1965) .  

The Chignik Formation c o n t a i n s  a l a r g e l y  nonmarine b a s a l  conglomerate ,  

t h e  Coal Va l ley  Member, t h a t  i s  l o c a l l y  450 m t h i c k  ( F i g .  5 ) .  C l a s t s  from 

t h i s  conglomerate c o n s i s t  o f  v o l c a n i c  and g r a n i t i c  rock ,  and c h e r t .  The 

conglomerate t h i n s  l a t e r a l l y ,  g r a d i n g  i n t o  carbonaceous s i l t s t o n e  and 

sands tone  t h a t  c o n t a i n  c o a l  seams. The sands tone  beds of t h e  Chignik 

Formation c o n s i s t  of sub-graywackes and l i t h i c  a r e n i t e s  t h a t  c o n t a i n  one- 

f o u r t h  to  t h r e e - f o u r t h s  v o l c a n i c  and sed imenta ry  ( c l a y s t o n e ,  s i l t s t o n e ,  

a r g i l l i t e )  grains (Burk,  1965) .  Abundant c o a l  as  w e l l  as  moderate ly  abundant 

molluscan fauna i n d i c a t e  t h a t  t h e  Chignik Formation was d e p o s i t e d  i n  a 

nonmarine t o  s h a l l o w  marine environment.  The Chignik Formation was d e p o s i t e d  



unconformably on a g e n t l y  d i p p i n g  e r o s i o n a l  surface c u t  i n t o  m i l d l y  f o l d e d  

pre-Chignik Formation r o c k s  (Burk, 1965).  Upper Cretaceous  b lack  s i l t s t o n e  

and s h a l e  beds of t h e  Hoodoo Formation conformably o v e r l i e  t h e  Chignik 

Formation. However, l o c a l l y  t h e  Chignik Formation i s  unconformably o v e r l a i n  

by T e r t i a r y  s t r a t a  near  P o r t  Mol le r ,  where t h e  Upper Cre taceous  Hoodoo 

Formation has a p p a r e n t l y  been  complete ly  eroded. E l e c t r i c  w e l l  l o g s  i n  t h i s  

a r e a  i n d i c a t e  t h a t  t h e  Upper Cre taceous  Chignik Formation i s  unconformably 

o v e r l a i n  by Paleocene and Eocene rocks  of t h e  T o l s t o i  Formation (Brockway and 

o t h e r s ,  1975) .  

Cenozoic Rocks. Cenozoic rocks  on t h e  Alaska P e n i n s u l a  c o n s i s t  of marine 

and nonmarine v o l c a n i c - r i c h  c l a s t i c  beds t h a t  have a cumula t ive  t h i c k n e s s  of 

7500-9000 m (Burk, 1965). L i t h o l o g i e s  a r e  s imilar  th roughout  t h e  s e c t i o n ,  

f a c i e s  changes a r e  common, and i n t r u s i v e  and  e x t r u s i v e  a c t i v i t y  has  l o c a l l y  

obscured s t r a t i g r a p h i c  r e l a t i o n s h i p s .  The onshore  s e c t i o n  i s  i n t r u d e d  by 

numerous b a s a l t i c  and a n d e s i t i c  d i k e s  and s i l ls .  Presumably igneous  rocks a r e  

n o t  e x t e n s i v e  i n  t h e  o f f s h o r e  Cenozoic s e c t i o n  of B r i s t o l  Bay n o r t h  of t h e  

v o l c a n i c  v e n t s  of t h e  Aleu t ian  v o l c a n i c  a r c .  The T o l s t o i  Formation o f  

Paleocene and Eocene age  c o n s i s t s  of a t  l e a s t  1500 m of s i l t s t o n e  in te rbedded  

w i t h  v o l c a n i c  s a n d s t o n e ,  conglomerate and b r e c c i a  t h a t  have l o c a l l y  been 

i n t r u d e d  by d i k e s  and s i l l s  (Fig. 5 ) .  Much of t h e  s e c t i o n  is  nonmarine and 

p l a n t  remains a r e  abundant i n  t h e  lower p a r t  of t h e  sequence.  

Conformably o v e r l y i n g  t h e  T o l s t o i  Formation is a t  l e a s t  4500 m of c h i e f l y  

marine  v o l c a n i c  s a n d s t o n e ,  conglomerate ,  and b l a c k  s i l t s t o n e  known as t h e  

Stepovak Formation ( F i g .  5 ) .  The Stepovak Formation i s  s i m i l a r  t o  t h e  T o l s t o i  

Formation i n  l i t h o l o g y  b u t  units i n  t h e  Stepovak Formation a r e  b e t t e r  s o r t e d  

and c o n t a i n  less a n g u l a r  g r a i n s  and more even bedding t h a n  u n i t s  i n  t h e  

T o l s t o i  Formation (Burk,  1965).  Nor theas t  of Chignik Bay on t h e  Alaska 



p e n i n s u l a .  s t r a t a  of t h e  T o L s t o i  and Stepovak Forma t ions  g r a d a t i o n a l l y  i n t e r -  

f i n g e r  w i t h  more e x t e n s i v e  v o l c a n o g e n i c  r o c k s  t h a t  i n c l u d e  f l o w ,  b r e c c i a ,  and 

c o n g l o m e r a t e  u n i t s  ( F i g s .  5, 6 ) .  R a d i o m e t r i c  dates f rom c o r e s  i n  t h e  G u l f ,  

P o r t  Heiden and  G r e a t  Bas ins-Ugashik  w e l l s  c o n f i r m  t h a t  v o l c a n i c  r o c k s  o f  t h e  

Meshik Format ion  are i n  p a r t  e q u i v a l e n t  i n  a g e  t o  T o l s t o i  and Stepovak 

s t r a t a .  Meshik r o c k s  o c c u r  i n  t h e  n o r t h e a s t  p o r t i o n  o f  B r i s t o l  Bay but a r e  

n o t  p r e s e n t  i n  t h e  G e n e r a l  P e t r o l e u m  Great B a s i n s  Nos. 1 and 2 w e l l s  (F ig .  6 ;  

Brockway and o t h e r s ,  ( 1 9 7 5 ) .  

The Meshik and S tepovak  Format ion  are unconformably  o v e r l a i n  by t h e  

m i d d l e  t o  u p p e r  Miocene Bear  Lake Format ion .  The Bea r  Lake Format ion  c o n s i s t s  

of a t  l e a s t  2 1 0 0  m o f  s a n d s t o n e ,  s i l t s t o n e  and a b a s a l  c o n g l o m e r a t e  known as  

t h e  Unga Conglomera te  Member. Sands tone  beds are  t y p i c a l l y  more f r i a b l e  a n d  

b e t t e r  s o r t e d  t h a n  o l d e r  T e r t i a r y  r o c k s .  These s a n d s t o n e  u n i t s  c o n t a i n  

a p p r o x i m a t e l y  e q u a l  amounts  o f  quartz a n d  c h e r t ,  l i t h i c  f r a g m e n t s ,  a n d  

v o l c a n i c  f r a g m e n t s .  Conglomera tes  c o n t a i n  abundan t  b l a c k  and w h i t e  c h e r t ,  

a r g i l l i t e ,  s e d i m e n t a r y  rock  f r a g m e n t s  and  s i l i c i f i e d  wood (Burk ,  1965).  

The B e a r  Lake Forma t ion  is unconformahly  o v e r l a i n  by P l i o c e n e  and 

younger  s e d i m e n t a r y  r o c k s  t h a t  i n c l u d e  u n c o n s o l i d a t e d  a l l u v i u m  and  g l a c i a l  

outwash  l o c a l l y  i n t e r b e d d e d  w i t h  v o l c a n i c  f l o w s .  The P l i o c e n e  Milky  R i v e r  

Fo rma t ion  c o n s i s t s  of a t  least 920 m o f  s a n d s t o n e ,  c o n g l o m e r a t e ,  and  mudstone 

o f  m a r i n e  and nonmarine o r i g i n  (Brockway and o t h e r s ,  1975) .  Mi lky  R i v e r  

Format ion  s t r a t a  g r a d e  upward i n t o  younger  u n c o n s o l i d a t e d  s e d i m e n t a r y  and  

v o l c a n i c  r o c k s .  

Igneous Rocks The o l d e s t  v o l c a n i c  r o c k s  known on t h e  Alaska  P e n i n s u l a  

c o n s i s t  o f  m a f i c  f l o w s  and coarse d e b r i s  i n t e r b e d d e d  w i t h  Permian  c a r b o n a t e  

and  v o l c a n o g e n i c  s t r a t a  and Upper T r i a s s i c  l i m e s t o n e  a t  Puale Bay. A thick 

sequence  of v o l c a n i c - d e r i v e d  s e d i m e n t a r y  r o c k s  accumula t ed  during E a r l y  and 



Middle J u r a s s i c  t ime  b u t  no f low r o c k s  a r e  known t o  be in te rbedded  i n  t h e  

sedimentary  sequence. 

A c t i v e  volcanism began a g a i n  i n  t h e  l a t e  Crea taceous  and e a r l y  T e r t i a r y ,  

c o n t r i b u t i n g  l a r g e  volumes of d e b r i s  to  t h e  late Cre taceous  and  Paleogene 

r o c k s  of t h e  Alaska Pen insu la  (Burk, 1965; Lankford and Magoon, 1978) .  

Volcanism appears  t o  have a b a t e d  d u r i n g  t h e  e a r l y  Neogene and became a c t i v e  

a g a i n  dur ing  P l i o c e n e  through Holocene t i m e .  

Two major p l u t o n i c  ep i sodes  i n  t h e  J u r a s s i c  and  e a r l y  T e r t i a r y ,  a r e  known 

t o  have o c c u r r e d  on t h e  Alaska Pen insu la .  South  of t h e  P e n i n s u l a ,  a n  

e x t e n s i v e  ep i sode  of e a r l y  T e r t i a r y  i n t r u s i v e  a c t i v i t y  o c c u r r e d  i n  t h e  

a d j a c e n t  Shumagin-Kodiak slate-gxaywacke b e l t  of  s o u t h e r n  Alaska (Burk, 

1965; Kien le  and Turner ,  1976; Annentraut ,  1979). The f i r s t  i n t r u s i v e  

ep i sode  on t h e  Alaska Pen insu la  o c c u r r e d  d u r i n g  E a r l y  and Middle J u r a s s i c  t ime  

(154 t o  176 m. y.,  Reed and Lanphere,  1973).  The second i s  Oligocene i n  age 

( 2 6  t o  38 m.y.). 

P r o s p e c t i v e  S e c t i o n s  

Many of t h e  l a t e  Mesozoic and Cenozoic sed imenta ry  rock  u n i t s  exposed 

a l o n g  t h e  Alaska Pen insu la  appear t o  ex tend  o f f s h o r e  t o  t h e  v i c i n i t y  of 

B r i s t o l  Bay and St. Georqe b a s i n s .  The p o s i t i o n s  of t h e s e  b a s i n s ,  b e h i n d  t h e  

A l e u t i a n  a r c ,  h a s  probably  i s o l a t e d  them from t h e  numerous e p i s o d e s  o f  

volcanism and p lu ton i sm t h a t  have s u b s t a n t i a l l y  reduced t h e  pet roleum 

p o t e n t i a l  of t h e  sedimentary  sequences  a l o n g  t h e  Alaska Pen insu la .  

From P o r t  Heiden nor thward,  t h e  Cenozoic sed imenta ry  sequence 

unconformably o v e r l i e s  J u r a s s i c  g r a n i t i c  r o c k s  and l o c a l l y  t h e  sequence 

i n c l u d e s  v o l c a n i c  rock of Ol igocene age. Southwest of P o r t  Heiden, t h e  

u n d e r l y i n g  Oligocene v o l c a n i c  r o c k s  appear  t o  grade i n t o  marine sed imenta ry  

f a c i e s  of Ol igocene and Eocene age.  I n  w e l l s  d r i l l e d  s o u t h  and w e s t  o f  P o r t  



M o l l e r ,  Cenozoic  s e d i m e n t a r y  r o c k s  u n c o n f o m a b l y  o v e r l i e  mar ine  s a n d s t o n e ,  

s i l t s t o n e  and  s h a l e  beds  o f  L a t e  J u r a s s i c  a n d  L a t e  C r e t a c e o u s  a g e  ( p o s s i b l e  

s o u r c e  b e d s ) ,  a r e l a t i o n s h i p  t h a t  may enhance  t h e  p e t r o l e u m  p o t e n t i a l  o f  the 

o f f s h o r e  a r e a  be tween P o r t  M o l l e r  a n d  Amak I s l a n d .  Of t h e  n i n e  w e l l s  d r i l l e d  

t o  d a t e  i n  t h e  c o a s t a l  l owlands  of  B r i s t o l  Bay a l o n g  t h e  Alaska  P e n i n s u l a ,  

f i v e  t h a t  are l o c a t e d  s o u t h  a n d  w e s t  o f  ( a n d  i n c l u d i n g )  t h e  Gulf Sandy R i v e r  

w e l l  c o n t a i n  t h e  best shows of  o i l  and g a s  ( H a t t e n ,  1971; Brockway and o t h e r s ,  

1975) .  A t h i c k  m a r i n e  s e c t i o n  w i t h i n  t h e  Miocene Bear  Lake  Forma t ion  may 

o c c u r  i n  t h e  P o r t  M o l l e r  a r e a  and a d j a c e n t  o f f s h o r e  r e g i o n ,  t h i s  i m p l i e s  that 

b e t t e r  s o u r c e  r o c k s  may o c c u r  i n  t h e  s o u t h w e s t  p o r t i o n  of B r i s t o l  Bay b a s i n  

and  f u r t h e r  o f f s h o r e  i n  S t .  George b a s i n .  

Western  Alaska  - B e t h e l  a n d  Nushagak Lowlands 

The a r e a s  h e r e  r e f e r r e d  t o  a s  t h e  B e t h e l  and  Nushagak lowlands  occupy two 

f l a t l a n d  zones  a l o n g  t h e  e a s t e r n  edge  o f  t h e  B e r i n g  Sea be tween Nor ton  Sound 

and  B r i s t o l  Bay (F ig .  7 ) .  The B e t h e l  a r e a  l i e s  between t h e  town o f  B e t h e l  and 

Nunivak I s l a n d  and  i s  c r o s s e d  by t h e  lower  p o r t i o n  o f  t h e  Kuskokwim R i v e r .  To 

t h e  s o u t h ,  t h e  Nushagak lowland i s  l o c a t e d  be tween Nushagak and Kvichak Bays 

and o c c u p i e s  t h e  d e l t a  r e g i o n  of t h e  Nushagak R i v e r .  Much of  t h e  a r e a  i s  

c o v e r e d  by s u r f i c i a l  d e p o s i t s  and w a t e r  and e x p o s u r e s  a r e  l i m i t e d .  One 

e x p l o r a t o r y  well, n e a r  B e t h e l ,  has been d r i l l e d  i n  this e n t i r e  a r e a .  

S e v e r a l  n o r t h e a s t - t r e n d i n g  t e c t o n i c  b e l t s  c r o s s  t h e  lowland a r e a s  and  t h e  

i n t e r v e n i n g  Kuskokwim Mountain Range; t h e s e  i n c l u d e  t h e  Yukon-Koyokuk 

g e o s y n c l i n e ,  Ruby g e a n t i c l i n e ,  and  t h e  Kuskokwim and Alaska  Range g e o s y n c l i n e s  

(Hoare ,  1961; Payne ,  1 9 5 5 ) .  Exposures  i n  t h e  mounta in  r a n g e s  t h a t  s e p a r a t e  

the two lowland areas, a s  w e l l  as  g e o p h y s i c a l  d a t a ,  s u g g e s t  t h a t  up t o  6 , 0 0 0  m 

o f  Upper C r e t a c e o u s  g e o s y n c l i n a l  c l a s t i c  s e d i m e n t s  u n d e r l i e  t h e  B e t h e l  
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lowlands. A s i m i l a r  t h i cknes s  of Upper Cretaceous graywacke may unde r l i e  t h e  

Nushagak lowland (Cady and o t h e r s ,  1955: Hoore 1961; Mer t i e ,  1938).  

Basement complex. Economic basement f o r  petroleum exp lo ra t i on  i n  t h e  

lowland a r e a s  gene ra l l y  c o n s i s t s  of rocks o l d e r  than  Late  Cretaceous o r  of 

rocks underlying t h e  pre-Kuskokwim Group unconformity t h a t  has  been dated as 

middle Early Cretaceous i n  age (Hoare, 1961).  The basement complex has  been 

seve re ly  deformed by s e v e r a l  orogenic  events .  Basement rocks inc lude :  ( 1 )  

gneiss ,  s c h i s t  and q u a r t z i t e  of Precambrian age; ( 2 )  l imestone of Devonian 

age (240-366 m t h i c k  and l o c a l l y  do lomi t i c ) ;  ( 3 )  t h e  Gemuk group, composed 

of sedimentary and volcanic  rocks and ranging i n  age from Carboniferous t o  

Ear ly  Cretaceous; and ( 4 )  a n d e s i t i c  vo lcan ic  rocks of Middle and Late  

J u r a s s i c  age (F ig .  7 ) .  

The Gemuk group of rocks c o n s i s t  of 4500-9000 m of t i g h t l y  fo lded ,  highly 

f a u l t e d  a r g i l l i t e ,  c h e r t ,  greenstone,  l imestone,  graywacke, and t u f f .  I n  t h e  

western p o r t i o n  of t h e  Kilbuck Mountains 60 mi les  e a s t  of Bethe l ,  Middle and 

Upper J u r a s s i c  marine vo lcan ic  rocks 600-1500 m t h i c k  a r e  in te rbedded  with the 

c l a s t i c  sequence. These rocks conta in  marine f o s s i l s  i n d i c a t i v e  of a J u r a s s i c  

age (Hoare, 1961 ) . 
Kuskokwim Group. The Kuskokwim Group c o n s i s t s  of 6000-9000 m of s t r o n g l y  

fo lded  graywacke, shale, conglomerate with minor l imestone beds,  and l o c a l ,  

h igh ly  ca lcareous  sandstone beds; t h e  group ranges i n  age from l a t e  Ear ly  

Cretaceous t o  middle Late  Cretaceous (F ig .  8). C l a s t i c  c o n s t i t u e n t s  of t h e  

graywacke a r e  s l a t e ,  c h e r t ,  p h y l l i t e ,  q u a r t z ,  f e l d s p a r ,  vo lcan ic  rock 

fragments,  muscovite, and c h l o r i t e .  S o r t i n g  i s  gene ra l l y  poor and po r t i ons  of 

the Group c o n s i s t  of a  "poured-in" type  of sediment with very  low 

p o r o s i t i e s .  The composition of t h e s e  rocks sugges t  t h a t  they  w e r e  der ived 

from Lower Cretaceous g e a n t i c l i n a l  u p l i f t s  (Hoare,  1 9 6 1 ) .  
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F i v e  l i t h o l o g i c  units o c c u r  w i t h i n  the Kuskokwim Group The b a s a l  u n i t  

c o n s i s t s  of a  m a s s i v e  cong lomera t e  t h a t  r e a c h e s  a maximum t h i c k n e s s  o f  600 t o  

900 m and t h i n s  l a t e r a l l y  t o  a b o u t  100 m. A s e c o n d  o v e r l y i n g  u n i t  c o n s i s t s  o f  

300 t o  1500 m of t i g h t l y  f o l d e d  a n d  h i g h l y  s h e a r e d  t h i n l y - b e d d e d  s h a l e .  The 

t h i r d  u n i t  is composed o f  i n t e r b e d d e d  graywacke,  slaty s h a l e  and p e b b l y  

cong lomera t e  beds  3-30 rn t h i c k ,  The f o u r t h  u n i t  c o n s i s t s  of t h i n l y - b e d d e d ,  

i n t e r - l a m i n a t e d  graywacke and s h a l e .  The uppermost  u n i t  c o n t a i n s  i n t e r b e d d e d  

s h a l e ,  f i n e -  t o  c o a r s e - g r a i n e d  graywacke,  and  p e b b l y  c o n g l o m e r a t e ;  t h i s  u n i t  

l o c a l l y  c o n t a i n s  abundan t  f r a g m e n t s  o f  c a r b o n i z e d  wood i n  a d d i t i o n  t o  t h i n  

c o a l  b e d s  (Hoare ,  1961) .  

The Kuskokwim Group i s  g e n e r a l l y  h i g h l y  deformed s o u t h  and e a s t  of 

B e t h e l .  The re  are r a p i d  f a c i e s  changes  i n  r o c k s  o f  t h e  group. Hard 

s a n d s t o n e s  t h a t  t y p i c a l l y  f r a c t u r e  smoo th ly  a c r o s s  t h e  g r a i n s  a r e  l o c a l l y  

abundan t  The c o l o r  of the  graywacke v a r i e s  from g r a y  t o  b l a c k ;  f i n e r - g r a i n e d  

r o c k s  are generally d a r k l y - c o l o r e d  by d i s s e m i n a t e d  c a r b o n  ( H o a r e l  1961). 

F o s s i l s  are absent i n  t h e  Lower p a r t  o f  t h e  Kuskokwim g roup  but  a sparse f a u n a  

of p e l e c y p o d s  and cepha lopod  m o l l u s k s  a s  w e l l  as  c a r b o n i z e d  r e m a i n s  o f  

t e r r e s t r i a l  p l a n t s  o c c u r  i n  t h e  upper u n i t s .  

T e r t i a r y  Rocks.  I n  t h e  B e t h e l  lowland a r e a ,  p o s t - C r e t a c e o u s  s e d i m e n t a r y  

r o c k s  c o n s i s t  of u n c o n s o l i d a t e d  s t r e a m  and  g l a c i e r - d e p o s i t e d  s i l t ,  s a n d ,  and 

g r a v e l  t h a t  v a r y  g r e a t l y  in t h i c k n e s s  b u t  do n o t  exceed  450-600 m i n  t o t a l  

t h i c k n e s s .  I n  t h e  Nushagak a r e a ,  u n c o n s o l i d a t e d  t o  s l i g h t l y  c o n s o l i d a t e d  

marine s e d i m e n t a r y  l a y e r s  ( t h e  Nushagak Format ion ,  Mertie, 1938) c o n s i s t  of 

0 g r a v e l ,  s a n d s t o n e ,  a r k o s e  and c l a y  beds  t h a t  l o c a l l y  d i p  up  t o  20 . These  

r o c k s  have  been  t e n t a t i v e l y  d e s i g n a t e d  a s  Miocene or Pliocene i n  a g e  on t h e  

basis o f  pe l ecypods  and g a s t r o p o d s  c o l l e c t e d  by C.W. McKay be tween 1881 and 

1884. The t h i c k n e s s  of t h i s  s e c t i o n  i s  n o t  known w i t h  c e r t a i n t y  b u t  p r o b a b l y  



i s  less t h a n  600  rn (F ig .  8 ) .  

Igneous  Rocks. A v a r i e t y  of igneous  rock t y p e s  i n t r u d e  t h e  bedded rocks  

of Be the l  b a s i n  and range  i n  composi t ion from r h y o l i t e  t o  d u n i t e ,  b u t  g r a n i t i c  

rocks  a r e  most common. Small  and medium-sized s t o c k s ,  r a n g i n g  i n  composi t ion 

from d i o r i t e  and gabbro t o  b i o t i t e  g r a n i t e ,  i n t r u d e  t h e  bedded r o c k s  of t h e  

Kuskokwim Group. Thus, most of t h e  i n t r u s i v e s  a r e  p robab ly  of Late Cre taceous  

o r  e a r l y  T e r t i a r y  age. The youngest  igneous rocks a r e  h o r i z o n t a l  b a s a l t  f lows 

of l a t e  Cenozoic age.  The f lows appear  t o  be f r e s h  and unconfomably  o v e r l i e  

o l d e r  r o c k s  (Hoare,  1961 ) .  

STRUCTURAL FRAMEWORK AND EVOLUTION OF ST. GEORGE B A S I N  

Seismic  R e f l e c t i o n  Data 

E a r l i e r  work by Marlow and o t h e r s  ( F i g s .  2 and 7 ,  1976) d e l i n e a t e d  t h e  

e l o n g a t e ,  s e d i m e n t - f i l l e d  S t .  George b a s i n ,  t h a t  u n d e r l i e s  t h e  f l a t ,  sha l low 

Ber ing  Sea s h e l f  and t r e n d i n g  nor thwes t  from n e a r  t h e  s o u t h e r n  Alaska 

Pen insu la  toward t h e  p r i b i l o f  I s l a n d s .  I n  t h a t  study, s t r u c t u r e  con tours  on 

a c o u s t i c  basement d e r i v e d  from 3 ,000  krn of s ing le -channe l  s e i s m i c  r e f l e c t i o n  

d a t a  show t h i s  b a s i n  t o  be 300  km long ,  50 km wide,  and f i l l e d  w i t h  more t h a n  

6.5 km of Cenozoic sedimentary  rocks  (Marlow and o t h e r s ,  1976) .  Mul t i -channel  

s e i s m i c  r e f l e c t i o n  d a t a  r e c e n t l y  a c q u i r e d  and i n  p a r t  d e s c r i b e d  below, show 

t h a t  t h i s  graben i s  much deeper  and t h a t  it r e p r e s e n t s  a  mammoth e x t e n s i o n a l  

r i f t  i n  t h e  c r u s t a l  rocks  of t h e  s o u t h e r n  Ber ing  Sea s h e l f .  

P r o f i l e  8 B  

A 24-channel s e i s m i c  r e f l e c t i o n  p r o f i l e  a c r o s s  S t .  George b a s i n ,  

d i a g r a m a t i c a l l y  i n t e r p r e t e d  i n  F igure  9 ,  shows s u b s h e l f  s t r u c t u r e s  

r e p r e s e n t a t i v e  of t h e  s o u t h e r n  Ber ing  Sea s h e l f  and St. George b a s i n .  
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The f l a t  a c o u s t i c  basement u n d e r l y i n g  t h e  sou thwes t  end of p r o f i l e  8 B  

(Fig. 9; between s h o t p o i n t s  3200 and 2700) is  P r i b i L o f  ridge, which i s  

o v e r l a i n  by a  r e l a t i v e l y  u n d i s t u r b e d ,  l a y e r e d  sequence 1.3-1.4 km t h i c k  (1.3- 

1.4 s e c ) .  Within  t h e  a c o u s t i c  basement, a number of g e n t l y  d i p p i n g  r e f l e c t o r s  

s u g g e s t  t h a t  t h e  basement i n c l u d e s  f o l d e d  sedimentary  beds.  F a r t h e r  n o r t h ,  

between s h o t p o i n t s  2700 and 2200, t h e  basement descends i n  a  s e r i e s  of down- 

t o - b a s i n  s t e p s ,  plunging t o  a maximum subbottom dep th  of about  5.4 seconds  

( o v e r  1 0  km) beneath  t h e  a x i s  af S t .  Geroge b a s i n .  The o v e r l y i n g  r e f l e c t o r s  

a r e  broken by a t  l e a s t  three major normal f a u l t s  t h a t  dip toward t h e  b a s i n  

a x i s  and appear  t o  be r e l a t e d  t o  o f f s e t s  i n  t h e  a c o u s t i c  basement. Within  t h e  

b a s i n  f i l l ,  t h e  o f f s e t  a long  the f a u l t s  i n c r e a s e s  wi th  depth, implying t h a t  

these are growth s t r u c t u r e s .  S t r a t a  a r e  s y n c l i n a l l y  deformed about  t h e  

b a s i n ' s  s t r u c t u r a l  a x i s .  The f r e e - a i r  g r a v i t y  anomaly r e a c h e s  a  minimum of -1 

mgal over  t h e  bas in  a x i s  ( a  d e c r e a s e  of 55 mgal from t h e  54 mgal h i g h  over  t h e  

basement h i g h  n e a r  s h o t p o i n t  1860) .  

From s h o t p o i n t s  2200 t o  abou t  1860, the a c o u s t i c  basement rises r a p i d l y  

t o  a minimum depth  of 0.55 second (0 .5 km; F i g s .  4 and  9 ) .  Again t h e  

o v e r l y i n g  r e f l e c t o r s  a r e  broken by normal f a u l t s  t h a t  d i p  down t o  t h e  b a s i n  

a x i s .  

A g e n t l e  c o n c a v i t y  i n  t h e  basement ex tends  from s h o t p o i n t s  1860 t o  1080; 

t h e  maximum t h i c k n e s s  of o v e r l y i n g  s t r a t a  i s  about  1.7 seconds  (1 .8  km) n e a r  

s h o t p o i n t  1330. A cor responding  r e l a t i v e  g r a v i t y  low of 41 mgal is c e n t e r e d  

over t h e  swale.  In t rabasement  r e f l e c t o r s  were r e s o l v e d  d i p p i n g  a t  a g e n t l e  

a n g l e  t o  t h e  s u r f a c e  of t h e  a c o u s t i c  basement (between s h o t p o i n t s  1200 and 

1400). R e f l e c t o r s  i n  t h e  lower p a r t  of t h e  o v e r l y i n g  sedimentary  s e c t i o n  

wedge o u t  a g a i n s t  t h e  a c o u s t i c  basement (between s h o t p o i n t s  1500 and 1720) .  



S t r u c t u r e  Contours  

To c o n v e r t  two-way t r a v e l t i m ~  on thp seismic r ~ f l e c t i o n  r e c o r d s  t o  dep ths  

i n  m e t e r s  or k i l o m e t e r s ,  we used a g e n e r a l i z e d  v e l o c i t y  f u n c t i o n :  

D= 1.266t + 1.033t2 - 0.117t 3 

where : 

D = Depth o r  t h i c k n e s s  i n  km 

t = One-way t r a v e l t i m e .  

T h i s  f u n c t i o n  was der ived  by f i t t i n g  a polynomial curve  t o  v e l o c i t y  d a t a  from 

150 sonobuoy s t a t i o n s  i n  t h e  Ber ing  Sea. The v e l o c i t y  f u n c t i o n  used h e r e  

supersedes  t h e  curve  p u b l i s h e d  by Marlow and o t h e r s  ( 1 9 7 6 ) .  

our new mul t i channe l  d a t a  show t h a t  S t .  George b a s i n  i s  f i l l e d  n e a r  each 

end w i t h  more t h a n  1 0  km of sedimentary  s e c t i o n .  We do n o t  know whether  t h e  

s e c t i o n  t h i c k e n s  toward t h e  c e n t e r  of t h e  b a s i n .  Two s m a l l e r  b a s i n s  sou th  of 

and p a r a l l e l  t o  S t .  George bas in  c o n t a i n  3 t o  4 km of l a y e r e d  f i l l  ( F i g .  4 ) .  

Northwest of St. George b a s i n ,  t h e  s h e l f  i s  u n d e r l a i n  by a complex of 

s m a l l e r  b a s i n s  and r i d g e s ,  a l s o  p a r a l l e l  t o  t h e  margin ( F i g .  4; Marlow and 

o t h e r s ,  1976).  Most of t h e s e  b a s i n s ,  l i k e  S t .  George b a s i n ,  a r e  s t r u c t u r a l  

grabens  or ha l f -g rabens  bordered by normal f a u l t s .  The l a r g e s t  s t r u c t u r a l  

h igh  or r i d g e  i n  t h e  western  basement complex, t h e  P r i b i l o f  r i d g e ,  is  

s u b a e r i a l l y  exposed i n  t h e  P r i b i l o f  I s l a n d s  ( F i g .  4 ) .  To t h e  s o u t h e a s t ,  t h e  

r i d g e  flanks t h e  sou thern  s i d e  of St. George b a s i n  and ex tends  toward t h e  

Black H i l l s  ridge and the Alaska Pen insu la  ( F i g .  4;  F i g s .  2 and 7 ,  Marlow and 

o t h e r s ,  1976).  

South  of S t .  George b a s i n ,  t h e  a c o u s t i c  basement deepens monoc l ina l ly  

toward t h e  Aleut ian  I s l a n d  a r c ,  r e a c h i n g  d e p t h s  g r e a t e r  t h a n  11 k m  below sea 

l e v e l ,  w i t h i n  20 k m  of A l e u t i a n  Ridge ( F i g .  4; F igs .  2 and 7 ,  Marlow and 

o t h e r s ,  1976) .  u n f o r t u n a t e l y ,  w e  do n o t  have s u f f i c i e n t  s e i s m i c  r e f l e c t i o n  



d a t a  t o  determine t h e  s t r u c t u r a l  r e l a t i o n  between t h e  basement complex of t h e  

Ber ing  Sea margin and the presumably younger one of t h e  A l e u t i a n  I s l a n d  a r c  

( S c h o l l  and o t h e r s ,  1975) .  

G e o p o t e n t i a l  Data 

G r a v i t y  Data 

A f r e e  a i r  g r a v i t y  anomaly map of t h e  S t .  George b a s i n  a r e a  i s  o u t l i n e d  

i n  F igure  10. A r e g i o n a l  map of t h e  Ber ing  Sea r e g i o n  t h a t  i n c l u d e s  t h i s  a r e a  

has been p u b l i s h e d  by Watts ( 1 9 7 5 ) .  The i r r e g u l a r  gravity low ex tend ing  from 

t h e  t i p  of t h e  Alaska Pen insu la  northwestward toward t h e  Pr ib iLof  I s l a n d s  

o u t l i n e s  S t .  George b a s i n  ( F i g .  10) .  The s o u t h e a s t e r n  end of t h e  low, 

a d j a c e n t  t o  t h e  p e n i n s u l a ,  is  t h e  s i g n a t u r e  of a s e p a r a t e  b a s i n ,  Amak b a s i n  

( F i g .  4 ,  Marlow and o t h e r s ,  1 9 7 6 ) .  Immediately n o r t h  of t h e  Amak b a s i n  

g r a v i t y  low, a l i n e a r ,  50-70 mgal g r a v i t y  h i g h  ex tends  abou t  70 k m  w e s t  of t h e  

B lack  H i l l s  r e g i o n  of t h e  Alaska Pen insu la  ( F i g .  1 0 ) .  This  h igh anomaly 

appears  t o  t u r n  and t r e n d  nor thwes t  a l o n g  t h e  s o u t h e r n  f l a n k  of t h e  g r a v i t y  

low a s s o c i a t e d  w i t h  S t .  George b a s i n ,  s u g g e s t i n g  t h a t  t h e  J u r a s s i c  rocks  of 

t h e  Black H i l l s  a r e a  ex tend  nor thwes t  and s o u t h  of S t .  George b a s i n .  

Fur thermore,  t h e  s t r u c t u r a l  and g r a v i t y  data ( F i g s .  4 and 1 0 )  imply t h a t  

P r i b i l o f  r i d g e  ex tends  from t h e  P r i b i l o f  I s l a n d s  a l o n g  t h e  s o u t h  f l a n k  of S t .  

George bas in .  

Magnetic Data 

F i g u r e  11 i s  a r e p r o d u c t i o n  of a p o r t i o n  of a t o t a l - f i e l d  magnetic 

anomaly map of t h e  Ber ing  s h e l f  p u b l i s h e d  by B a i l e y  and o t h e r s  (1976) .  The 

S t .  George, Amak, and B r i s t o l  Bay b a s i n  complex i s  c h a r a c t e r i z e d  by low- 

f requency ,  low-amplitude anomal ies .  This band of anomal ies  ex tends  n o r t h -  

westward from t h e  Alaska Peninsu la  t o  t h e  P r i b i l o f  I s l a n d s  a r e a .  

North of t h e  low-amplitude,  low-frequency anomaly b e l t ,  an a r c u a t e  zone 
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o f  h igh-ampl i tude,  h igh-frequency anomal ies  is  t r a c e a b l e  from e a s t  t o  west 

( F i g .  1 1  1. This  b e l t  of h i g h  anomal ies  is  p a r t  of a l a r g e r ,  a r c u a t e  zone of 

similar anomal ies  t h a t  swings a c r o s s  t h e  c e n t r a l  and i n n e r  Ber ing  Sea s h e l f  

(Marlow and o t h e r s ,  1976) .  

Geologic  H i s t o r y  

Mesozoic S t r u c t u r a l  Trends  

G r a v i t y ,  magne t i c ,  s e i s m i c - r e f l e c t i o n ,  and dredge d a t a  s u g g e s t  t h a t  t h e  

Upper J u r a s s i c  shallow-marine r o c k s  exposed i n  t h e  Black H i l l s  on t h e  Alaska 

P e n i n s u l a  ex tend  w e s t  t o  nor thwes t  a l o n g  t h e  s o u t h  flank of S t .  George b a s i n  

and connec t  w i t h  P r i b i l o f  r i d g e  ( F i g .  4 ) .  In  a d d i t i o n ,  Upper Cre taceous  

(Campanian) r o c k s  were dredged from t h e  s o u t h e r n  f l a n k  of t h i s  r i d g e  i n  nearby 

P r i b i l o f  Canyon ( F i g .  4: Hopkins and o t h e r s ,  2969) .  S e i s m i c - r e f l e c t i o n  d a t a  

i n d i c a t e  t h a t  t h e  C r e t a c e o u s  dredge samples may have been recovered  from a  

r e l a t i v e l y  i s o l a t e d  in t ra -basement  b a s i n  perched on t h e  f l a n k  of P r i b i l o f  

r i d g e .  Other  dredge  samples from t h e  margin n o r t h w e s t  of P r i b i l a f  r i d g e  

i n d i c a t e  t h a t  t h e  Mesozoic basement complex i s  unconformably o v e r l a i n  by 

shal low-water ,  d ia tomaceous  mudstone of e a r l y  T e r t i a r y  age  (Marlow and o t h e r s ,  

1979) .  Th i s  b e l t  of upper J u r a s s i c  r o c k s  a p p a r e n t l y  occup ied  t h e  former  s i t e  

of  t h e  Mesozoic margin of t h e  Ber ing  Sea and was a r e s i s t a n t  h i g h ,  t h a t  began 

t o  c o l l a p s e  i n  e a r l y  Tertiary t i m e .  

W e  s p e c u l a t e d  earlier t h a t  a J u r a s s i c ,  Cre taceous ,  and e a r l i e s t  Tertiary 

magmatic a r c  extended p a r a l l e l  t o  and i n s i d e  ( l andward  t o  t h e  e a s t  towards  

Alaska)  o f  t h e  o u t e r  b e l t  of shallow-water d e p o s i t s  (Marlow and o t h e r s ,  

1976).  Th i s  igneous  belt is  c h a r a c t e r i z e d  by high-ampl i tude,  h igh-frequency 

magnet ic  anomal ies  ( F i g .  1 1 ) .  The magmatic a r c  i s  exposed a s  c a l c - a l k a l i c  

v o l c a n i c  and i n t r u s i v e  r o c k s  of l a t e  Mesozoic and  e a r l i e s t  T e r t i a r y  age on S t .  

Matthew and S t .  Lawrence I s l a n d s  on t h e  Bering s h e l f  and as s i m i l a r  rocks  i n  



s o u t h e r n  and w e s t e r n  Alaska and e a s t e r n  S i b e r i a  ( F i g .  3;  P a t t o n  and o t h e r s ,  

1974, 1976; Reed and Lanphere,  1973; S c h o l l  and o t h e r s ,  1975; Marlow and  

o t h e r s ,  1976 1. 

T e r t i a r y  D e a c t i v a t i o n  and C r u s t a l  C o l l a p s e  

I n  1975 and 1976 we p o s t u l a t e d  t h a t  t h e  a r c u a t e  g e o s y n c l i n a l  and magmatic 

t r e n d s  of t h e  Ber ing  Sea margin r e s u l t e d  from convergence and subduc t ion  of 

o c e a n i c  l i t h o s p h e r e  (Kula ( ? )  p l a t e )  benea th  t h e  Ber ing  Sea c o n t i n e n t a l  

margin,  (Cooper and o t h e r s ,  1976a; S c h o l l  and o t h e r s ,  1975; Marlow and o t h e r s ,  

1976) .  Thus, we p r e d i c t e d  t h a t  e i t h e r  deep-water t r e n c h  o r  s l o p e  d e p o s i t s  

would have accumulated a long  t h e  former  base  of a Mesozoic convergent  

margin. However, r o c k s  dredged i n  1978 s u g g e s t  t h a t  t h e  margin was composed, 

i n  p a r t ,  o f  a  r e s i s t a n t  basement h i g h  t h a t  was emergent,  from L a t e  J u r a s s i c  t o  

e a r l y  T e r t i a r y  t i m e  (Marlow and o t h e r s ,  1979).  I f  former Mesozoic t r e n c h  o r  

s l o p e  d e p o s i t s  do e x i s t ,  t h e n  t h e y  must be b u r i e d  benea th  t h e  t h i c k  sediment 

accumulat ions  presently d r a p i n g  t h e  b a s e  of t h e  margin. A l t e r n a t e l y ,  t h e  

former  Mesozoic margin may have been t h e  s i t e  of predominant ly  s t r i k e - s l i p  

( t r a n s f o r m )  motion u n t i l  e a r l y  T e r t i a r y  t i m e .  Thus, t h e  former Mesozoic s l o p e  

d e p o s i t s  would have been t e c t o n i c a l l y  " r a f t e d "  t o  t h e  nor thwes t ,  pe rhaps  i n t o  

S i b e r i a .  

P l a t e  motion a long  t h e  Mesozoic Ber ing  Sea margin a p p a r e n t l y  ceased  wi th  

t h e  format ion of t h e  A l e u t l a n  I s l a n d  a rc  i n  l a t e  Mesozoic or  e a r l i e s t  T e r t i a r y  

t i m e ,  when t h e  subduc t ion  zone ( t r a n s f o r m  f a u l t ? )  s h i f t e d  from t h e  Ber ing  Sea 

margin t o  a  s i t e  n e a r  t h e  p r e s e n t  A l e u t i a n  Trench, t h e r e b y  t r a p p i n g  a  l a r g e  

s e c t i o n  of o c e a n i c  p l a t e  (Kula? )  w i t h i n  t h e  a b y s s a l  Ber ing  Sea. C e s s a t i o n  o f  

p l a t e  motion a p p a r e n t l y  t e c t o n i c a l l y  d e a c t i v a t e d  t h e  Ber ing  Sea margin. Tn 

e a r l y  T e r t i a r y  t ime ,  t h e  margin underwent e x t e n s i o n a l  c o l l a p s e  and  

d i f f e r e n t i a l  subs idence ,  which h a s  c o n t i n u e d  d u r i n g  most of Cenozoic t i m e .  



E l o n g a t e  b a s i n s  of g r e a t  s i z e  and d e p t h ,  e x a m p l i f i e d  by  S t .  George b a s i n ,  

formed i n  t h e  v i c i n i t y  of  t h e  modern o u t e r  B e r i n g  Sea s h e l f  ( F i g s .  4 ,  9 ;  

Marlow and o t h e r s ,  1 9 7 6 ) .  E x t e n s i o n a l  d e f o r m a t i o n  o f  t h e  f o l d e d  r o c k s  of t h e  

Mesozoic basement h a s  c o n t i n u e d  t o  t h e  p r e s e n t  a s  e v i d e n c e d  by normal  f a u l t s  

f l a n k i n g  t h e  o u t e r  s h e l f  b a s i n s  t h a t  are growth-type s t r u c t u r e s  which commonly 

r u p t u r e  t h e  e n t i r e  Cenozoic  b a s i n  f i l l .  C o l l a p s e  o f  t h e  o u t e r  s h e l f  and 

a d j a c e n t  margin  may have  been  a i d e d  by Cenozoic  s e d i m e n t - l o a d i n g  of t h e  

a d j a c e n t  o c e a n i c  crust ( K u l a ( ? )  plate) f l o o r i n g  the a b y s s a l  B e r i n g  Sea .  

PETROLEUM GEOLOGY 

Alaska  P e n i n s u l a  

D r i l l i n g  H i s t o r y  

S i n c e  1959, n i n e  o n s h o r e  w e l l s  have  been  d r i l l e d  a l o n g  t h e  n o r t h e r n  

c o a s t a l  l owland  a r e a  o f  t h e  Alaska  P e n i n s u l a .  Only o n e  COST w e l l  h a s  been  

d r i l l e d  o f f s h o r e  s o u t h  of St. George b a s i n .  Da ta  f o r  t h i s  w e l l  a r e  

p r o p r i e t a r y  and c a n n o t  be d i s c u s s e d  i n  t h i s  r e p o r t .  Fo r  d e s c r i p t i v e  p u r p o s e s ,  

t h e  w e l l s  on t h e  Alaska  P e n i n s u l a  a r e  d i v i d e d  h e r e  i n t o  a n o r t h e r n  q roup  of 

f o u r  w e l l s ,  t h a t  bot tomed i n  v o l c a n i c  or g r a n i t i c  r o c k s ,  and  s o u t h e r n  group of  

f i v e  wells t h a t  bot tomed i n  e i t h e r  T e r t i a r y  o r  Mesozoic  s e d i m e n t a r y  r o c k s .  

The n o r t h e r n  qroup i n c l u d e s  t h e  G e n e r a l  P e t r o l e u m  G r e a t  B a s i n s  No. 1 and 

2 ,  G r e a t  B a s i n s  Ewera th  Ugashik No. 1 ,  and  t h e  Gulf -Alaskco P o r t  Heiden No. 1  

( F i g .  1 2 ) .  The s o u t h e r n  q roup  i n c l u d e s  t h e  Gulf Sandy R i v e r  F e d e r a l  No, 1,  

Pan American Hoodoo Lake No. 1  and 2 ,  Pan American David R i v e r  No. 1-a,  and 

t h e  Arnoco C a t h e d r a l  R i v e r  No. 1  (Brockway and  o t h e r s ,  1975) .  

I n  t h e  n o r t h e r n  q roup  of  w e l l s ,  t h e  t h i c k n e s s  of  t h e  f l a t - l y i n g  T e r t i a r y  

sequence  v a x i e s  from a b o u t  1220 m t o  3350 rn and  c o n s i s t s  o f  i n t e r b e d d e d  non- 

m a r i n e  t o  s h a l l o w  m a r i n e  s a n d s t o n e ,  s i l t s t o n e ,  c l a y s t o n e  and c o a l  ( H a t t e n ,  

1971) .  G r a n i t i c  basement  p e n e t r a t e d  by t h e  G e n e r a l  P e t r o l e u m  G r e a t  B a s i n s  N o .  





1 and 2 w e l l s  h a s  been d a t e d  r a d i o m e t r i c a l l y  as a p p r o x i m a t e l y  177 m.y. o l d  

( l a t e  E a r l y  J u r a s s i c ) .  R a d i o m e t r i c  a g e s  from t h e  v o l c a n i c  s equence  u n d e r l y i n g  

t h e  f l a t - l y i n g  T e r t i a r y  s e d i m e n t a r y  r o c k s  i n  t h e  Gulf  P o r t  Heiden and G r e a t  

Basins  Ugashik w e l l s  r a n g e  f rom 33 + 1.5 t o  42 + 4 m.y. (Brockway and  o t h e r s ,  

1975; O l i g o c e n e  t o  l a t e  Eocene,  a c c o r d i n g  t o  t h e  t i m e  s c a l e  o f  Be rggren ,  

1969).  No s i g n i f i c a n t  show o f  o i l  o r  g a s  have  been r e p o r t e d  from the n o r t h e r n  

g r o u p  of w e l l s .  To t h e  s o u t h  t h e  Gulf Sandy R i v e r  w e l l  e n c o u n t e r e d  g a s  

a s s o c i a t e d  w i t h  c o a l  i n  t h e  midd le  p a r t  o f  t h e  Bea r  Lake Forma t ion  (Miocene)  

be tween 1970 and 1940 m. O i l  and  gas shows w e r e  a l s o  e n c o u n t e r e d  i n  t h e  b a s a l  

s a n d s t o n e  beds  o f  t h e  Sandy R i v e r  w e l l .  However, i n  t h i s  w e l l  t h e  o i l  

e n c o u n t e r e d  w i t h i n  t h e  b a s a l  p o r t i o n  of t h e  Bear  Lake Format ion  may have  been  

d e r i v e d  from s o u r c e  r o c k s  w i t h i n  t h e  u n d e r l y i n g  S tepovak  Format ion .  

I n  o f f s h o r e  a r e a s  where t h e  f l a t - l y i n g  Cenozo ic  s e q u e n c e  o v e r l i e s  o l d e r ,  

f o l d e d  and t r u n c a t e d  s e d i m e n t a r y  r o c k s ,  s u c h  as t h e  Mesozoic  strata of  t h e  

B lack  H i l l s ,  o i l  may have m i g r a t e d  upward i n t o  t h e  more po rous  s a n d s t o n e  b e d s  

o f  t h e  u n d e r l y i n g  Bear  Lake Format ion .  The p o s s i b i l i t y  o f  o i l  and  g a s  

m i g r a t i o n  f rom o l d e r  s e d i m e n t a r y  f o r m a t i o n s  r e n d e r s  t h e  o f f s h o r e  a r e a  between 

P o r t  M o l l e r ,  Amak I s l a n d  and  t h e  P r i b i l o f  I s l a n d s  more p r o s p e c t i v e  t h a n  t h e  

a r e a  n o r t h  o f  P o r t  Heiden ,  where t h e  basement c o n s i s t s  o f  v o l c a n i c  and  

g r a n i t i c  r o c k s .  The o f f s h o r e  a r c u a t e  g r a v i t y  and  m a g n e t i c  d i s c o n t i n u i t y  

d e s c r i b e d  by P r a t t  and o t h e r s  (19721,  which e x t e n d s  from the P r i b i l o f  Islands 

t oward  P o r t  M o l l e r ,  may d e f i n e  two d i f f e r e n t  basement r o c k  types b e n e a t h  t h e  

f l a t - l y i n g  Cenozoic  sequence .  The h i g h  a m p l i t u d e  m a g n e t i c  a n o m a l i e s  on the 

n o r t h e a s t  s i d e  o f  t h e  d i s c o n t i n u i t y  may r e p r e s e n t  v o l c a n i c  o r  g r a n i t i c  and  

metamorphic basement r o c k ,  and t h e  low a m p l i t u d e  a n o m a l i e s  on t h e  s o u t h w e s t  

s i d e  may r e f l e c t  a t h i c k  sequence  of e a r l y  T e r t i a r y  o r  l a t e  Mesozoic  s e d i -  

men ta ry  r o c k s .  The f l a t - l y i n g  sequence  o f  Cenozoic  s e d i m e n t a r y  r o c k s  i s  



l o c a l l y  f o l d e d  and u p l i f t e d  a lonq  t h e  f o o t h i l l  b e l t  of  t h e  Alaska Pen insu la .  

F u r t h e r  o f f s h o r e  t h e  s t r a t a  may be d e p o s i t i o n a l l y  draped over  f a u l t  b l o c k s  

w i t h i n  t h e  a c o u s t i c  basement ( H a t t e n ,  1971) .  Data on t h e  s i z e  and e x t e n t  of 

s t r u c t u r e s  a r e  n o t  p u b l i c l y  a v a i l a b l e .  T h e  r o c k s  c o n s i d e r e d  t o  have t h e  

g r e a t e s t  pet roleum p o t e n t i a l  i n  t h e  o f f s h o r e  a r e a  of S t .  George b a s i n  a r e  

f l a t - l y i n g  t o  g e n t l y  f o l d e d  Cenozoic sands tone ,  s i l t s t o n e ,  and s h a l e  beds.  

These rock u n i t s  p robab ly  range i n  age from Eocene t o  Holocene. 

Source  Beds 

The b e s t  source rocks  i n  t h e  T e r t i a r y  sequence appear  t o  be the black  

marine  s i l t s t o n e  and s h a l e  beds i n  t h e  Ol igocene Stepovak Formation.  On t h e  

Alaska P e n i n s u l a ,  t h e  Stepovak Formation i s  l o c a l l y  a t  l e a s t  4500 m  t h i c k  

(Burk,  1965).  S c a t t e r e d  shows of o i l  and gas i n  Stepovak rocks  have been 

r e p o r t e d  from t h r e e  Alaska Pen insu la  w e l l s ,  Gulf Sandy River ,  Pan American 

Hoodoo Lake N o .  2 ,  and Pan American David River  1-A ( F i g .  1 2 ;  Brockway and 

o t h e r s ,  1975) .  P o t e n t i a l  s o u r c e  rocks  may a l s o  occur  i n  t h e  Miocene Bear Lake 

Formation because  l o c a l l y  t h e  b a s a l  p o r t i o n  c o n t a i n i n g  marine s i l t s t o n e  and 

s h a l e  may have been b u r i e d  deep enough t o  g e n e r a t e  hydrocarbons.  Marine s h a l e  

o f  L a t e  J u r a s s i c  and L a t e  Cre taceous  age might a l s o  be c o n s i d e r e d  a s  p o t e n t i a l  

s o u r c e  rocks .  These rocks  a r e  o f t e n  i n  a n g u l a r  d i scordance  wi th  o v e r l y i n g  

Cenozoic sands tone  r e s e r v o i r  beds. 

Core c h i p s  and dril l  c u t t i n g s  f r o m  e i g h t  of t h e  n i n e  w e l l s  d r i l l e d  a lonq  

t h e  Ber ing Sea lowlands of t h e  Alaska Pen insu la  were s u b j e c t e d  t o  l i t h o l o g i c  

and paleontologic a n a l y s e s  by McLean (1977) .  R e s u l t s  s u g g e s t  t h a t  a t  l eas t  

l o c a l l y ,  sedimentary  rocks  of T e r t i a r y  age  ( e x c l u d i n g  Paleogene s t r a t a )  

c o n t a i n  o i l  and gas  s o u r c e  and r e s e r v o i r  rocks  capab le  of g e n e r a t i n g  and 

accumulat ing l i q u i d  and gas hydrocarbons.  

Paleogene s t r a t a  on t h e  Alaska P e n i n s u l a  a r e  r i c h  i n  o r g a n i c  carbon but 



t h e y  a r e  immature. However, s t r a t a  i n  o f f s h o r e  b a s i n s  t o  t h e  n o r t h  and s o u t h  

(St. George and mist01 Bay b a s i n s )  may have been s u b j e c t e d  t o  a more 

p r o d u c t i v e  thermal  environment.  T o t a l  o r g a n i c  carbon c o n t e n t  of f i n e - g r a i n e d  

Neogene s t r a t a  appears  t o  be s i g n i f i c a n t l y  lower t h a n  i n  Paleogene r o c k s ,  

p o s s i b l y  r e f l e c t i n g  nonmarine o r  b r a c k i s h  wate r  environments of d e p o s i t i o n .  

Neogene sands tone  beds locally y i e l d  h igh  v a l u e s  of p o r o s i t y  and p e r m e a b i l i t y  

t o  dep ths  of about 8,000 f e e t  (2 ,439  m; McLean, 1977).  Below t h i s  dep th ,  

r e s e r v o i r  p o t e n t i a l  r a p i d l y  d e c l i n e s .  

The General  Petroleum,  Grea t  Bas ins  No. 1 w e l l  d r i l l e d  a long  t h e  s h o r e  of 

B r i s t o l  Bay reached  g r a n i t i c  rocks .  Other w e l l s  d r i l l e d  c l o s e r  t o  t h e  a x i s  of 

t h e  p r e s e n t  v o l c a n i c  a r c  i n d i c a t e  t h a t  both  T e r t i a r y  and Mesozoic .sedimentary  

rocks  have been i n t r u d e d  by d i k e s  and s i l l s  of a n d e s i t e  and b a s a l t .  Although 

t h e  A l a s k a  Peninsu la  h a s  been t h e  f o c u s  of  igneous  a c t i v i t y  th roughout  much of 

Mesozoic and T e r t i a r y  t i m e ,  t he rmal  m a t u r i t y  i n d i c a t o r s  such as v i t r i n i t e  

r e f l e c t a n c e  and c o a l  rank s u g g e s t ,  t h a t  on a  r e g i o n a l  scale, sedimentary  rocks  

have n o t  been s u b j e c t e d  to  abnormally h i g h  geothermal g r a d i e n t s .  

Recen t ly ,  Ly le  and o t h e r s  (1979)  s t u d i e d  14 s t r a t i g r a p h i c  s e c t i o n s  a l o n g  

t h e  Alaska Pen insu la  totaling 5000 m. They found t h a t  63 p e r c e n t  of t h e  t o t a l  

measured s t r a t i g r a p h i c  s e c t i o n  is  p o t e n t i a l  T e r t i a r y  reservoir sands tone .  

However, t h e  p o r o s i t i e s  and p e r m e a b i l i t i e s  f o r  t h e s e  s a n d s t o n e s  were g e n e r a l l y  

low i n  most a r e a s  due t o  p e r v a s i v e  p o r e - f i l l i n g  m i n e r a l i z a t i o n .  The b e s t  

p r e s e r v e d  and most p robab le  r e s e r v o i r  rocks  a r e  sands tone  beds i n  t h e  Bear 

Lake Formation of Miocene age. I n  s t u d y i n g  p o t e n t i a l  T e r t i a r y  s o u r c e  r o c k s ,  

Lyle and o t h e r s  (1979)  found t h a t  t h e  t o t a l  organic carbon for t h e i r  samples 

ranged from l e s s  t h a n  0.2 t o  8.0 p e r c e n t ,  t h a t  t h e  hydrocarbon C I 5 +  e x t r a c t s  

averaged 362 ppm, t h a t  t h e  major o r  o r g a n i c  c o n s t i t u e n t s  a r e  herbaceous-spore  

d e b r i s ,  and t h a t  most samples have a  thermal  a l t e r a t i o n  index  o f  2- t o  2+. 



They concluded t h a t  dry gas is  t h e  most probable  hydrocarbon t o  form i n  

T e r t i a r y  source  rocks on t h e  Alaska Peninsula .  

Reservoir  Beds and S e a l s  

The rocks t h a t  have t h e  g r e a t e s t  r e s e r v o i r  p o t e n t i a l  f o r  o i l  and gas i n  

t h e  o f f sho re  a r ea  of B r i s t o l  Bay and S t .  George bas in s  a r e  probably t h e  

sandstone u n i t s  equiva len t  t o  t h e  Bear Lake Formation of middle t o  late 

Miocene age (Lyle and o t h e r s ,  1979). Bear Lake sandstone beds a r e  both marine 

and nonmarine and con ta in  a  combination of vo lcan ic  g r a i n s ,  d i o r i t i c  g r a i n s  

and c h e r t ,  and sedimentary l i t h i c  fragments. Most of t h e  sandstones could be 

c l a s s i f i e d  as  l i t h i c  subgraywackes and o t h e r s  a s  l i t h i c  a r e n i t e s  (Burk, 

1965). Shows of o i l  and gas have been r epo r t ed  from t h e  b a s a l  Bear Lake 

Formation sandstones i n  t h e  Gulf Sandy River  and Pan American David River  

wel l s .  

Sandstones i n  the o l d e r  T e r t i a r y  formations,  T o l s t o i  and Stepovak, have 

an abundance of vo lcan ic  d e t r i t u s  a s  wel l  as matr ix  c l ay .  These rocks are  

dense and highly i n d u r a t e d  and t h u s  a r e  no t  considered good r e s e r v o i r  beds. 

Traps and Timing 

The major i ty  of p o t e n t i a l  o i l  and gas t r a p s  i n  t h e  o f f sho re  S t .  George 

bas in  a r ea  a r e  probably a n t i c l i n a l  s t r u c t u r e s .  An t i c l i ne s  i n  t h e  Cenozoic 

sequence a r e  p r imar i l y  formed by drap ing  and d i f f e r e n t i a l  compaction of s t r a t a  

over e r o s i o n a l  and b lock - f au l t  highs t h a t  developed wi th in  t h e  a c o u s t i c  

basement complex. The r e s u l t a n t  s t r u c t u r e s  are probably large i n  a r e a  bu t  

have a  l i m i t e d  amount of c lo su re .  S t r u c t u r a l  t r a p s  i n  t h e  o f f sho re  a r e a  

probably formed dur ing  t h e  e a r l y  f i l l i n g  of S t .  George bas in .  Most s t r u c t u r e s  

appear t o  decrease i n  amplitude upward through t h e  Cenozoic s e c t i o n ,  and t h e  

upper 1 0 0  t o  2 0 0  m of s t r a t a  a r e  o f t e n  f l a t - l y i n g  and undeformed. 

S t r a t i g r a p h i c  t r a p s  formed by b u t t r e s s  on lap  during t r a n s g r e s s i o n  around 



topograph ic  highs, by Local t r u n c a t i o n  o f  sands tone  beds ,  and by l e n t i c u l a r  

sands tone  bod ies  p robab ly  occur  i n  t h e  Cenozoic sequence,  b u t  t h e i r  s i z e  and 

number a r e  unknown. 

Western Alaska 

D r i l l i n g  H i s t o r y  

The pet roleum p o t e n t i a l  of t h e  B e t h e l  and Nushagak lowlands i s  d i f f i c u l t  

t o  assess because  t h e  bulk  of p r o s p e c t i v e  rocks a r e  concea led  by a t h i c k  

mant le  of a l l u v i a l  d e p o s i t s  and o n l y  one e x p l o r a t o r y  w e l l  h a s  been d r i l l e d  i n  

t h e  a r e a .  I n  t h e  1961, Pan American O i l  Company d r i l l e d  t h e  Napatuk Creek No. 

1 w e l l  t o  a dep th  of 14,877 f e e t  (4500 m )  abou t  56 km wes t  of B e t h e l  ( F i g .  

7 ) .  No hydrocarbon shows were r e p o r t e d  i n  t h e  w e l l .  The w e l l  p e n e t r a t e d  

approx imate ly  300  m of Quaternary sediment t h a t  unconformably o v e r l i e s  a 

r e l a t i v e l y  f l a t - l y i n g  sequence of Upper Cretaceous  graywacke and s h a l e .  

S e v e r a l  mafic  v o l c a n i c  d i k e s  of unknown age were encountered i n  t h e  Cre taceous  

s e c t i o n .  Rapid f a c i e s  changes have been no ted  w i t h i n  t h e  Kuskokwim Group and  

t h u s ,  adequa te  r e s e r v o i r  rocks  may occur  e l sewhere  w i t h i n  t h e  B e t h e l  b a s i n  

(Hoare,  1961) .  Reconnaissance aeromagnet ic  d a t a  i n d i c a t e  t h a t  t h e  maximum 

dep th  t o  magnetic basement i n  t h e  v i c i n i t y  of t h e  Napatuk Creek No. 1 w e l l  is 

approximately  20,000 f e e t  (6100 m )  J. M. Hoare, o r a l  cornrnun., 1975) .  

Magnetic basement p robab ly  c o n s i s t s  of J u r a s s i c  and  o l d e r  igneous  rocks ,  so 

perhaps  as much a s  6,000 f e e t  (1800 m )  of Cre taceous  rocks  remain u n d r i l l e d  

below t h e  bottom of t h e  we l l .  

N o  w e l l s  have been d r i l l e d  i n  t h e  Nushaqak b a s i n .  Limited o u t c r o p  d a t a  

from around t h e  margin of t h e  b a s i n  s u g g e s t  t h a t  p r e - T e r t i a r y  rocks  have a 

very l i m i t e d  pet roleum p o t e n t i a l  because  t h e y  a r e  highly i n d u r a t e d  and 

deformed. No d a t a  a r e  p u b l i c l y  a v a i l a b l e  on t h e  t h i c k n e s s  of Cenozoic r o c k s  

u n d e r l y i n g  t h e  Nushagak lowlands .  



S t .  George Basin 

Source  Beds 

Only one COST w e l l  ( d a t a  t h a t  i s  p r o p r i e t a r y )  h a s  been d r i l l e d  i n  S t .  

George b a s i n ;  t h u s  l i t t l e  i s  known about  p o s s i b l e  s o u r c e  beds i n  t h e  b a s i n .  

Cre taceous  mudstone dredged from t h e  nearby c o n t i n e n t a l  s l o p e  i n  P r i b i l o f  

Canyon c o n t a i n s  a s  much a s  1 p e r c e n t  o r g a n i c  carbon (Marlow and o t h e r s ,  1976, 

p.  179) .  

Other  rocks dredged from t h e  Ber ing ian  c o n t i n e n t a l  s l o p e  i n c l u d e  

l i t h i f i e d  v o l c a n i c  sands tone  of L a t e  J u r a s s i c  age, mudstone o f  L a t e  Cretaceous  

a g e ,  and l e s s  c o n s o l i d a t e d  d e p o s i t s  of e a r l y  T e r t i a r y  age. Geochemical 

a n a l y s e s  of some of t h e s e  r o c k s  a r e  l i s t e d  below: 

Table  1. Geochemical a n a l y s e s  of socks  dredged from t h e  Ber ing Sea 
C o n e t i n e n t a l  Marqin. See Marlow and o t h e r s  ( 1 9 7 6 ~ )  f o r  l o c a t i o n s .  

Organic P y r o l y t  i c  V i t r i n i t e  
Sample carbon hydro-carbon r e f l e c t a n c e  
number L i tho logy  Age ( W t %  ( W t . % )  (Avg. % )  

Volcanic  
sands tone  
Volcanic  
sands tone  

Mudstone 

Sandstone 
Mudstone 
Muds t o n e  

L a t e  0.79 
J u r a s s i c  
 ate 0.26 
J u r a s s i c  

La te  0.62 

L . Jurassoc  0.27 
Paleogene 0.33 
M .Eocene 0 . 8 3  

PyroLyt ic  a n a l y s e s  of t h e s e  rocks  i n d i c a t e s  t h a t  none a r e  good s o u r c e  

beds f o r  pet roleum.  However, the o u t c r o p s  sampled by rock dredging a r e  

g e n e r a l l y  sandy u n i t s  t h a t  may n o t  be r e p r e s e n t a t i v e  of f i n e r  g r a i n e d  p o s s i b l e  

s o u r c e  beds t h a t  are exposed e i t h e r  a l o n g  t h e  margin or w i t h i n  t h e  s u b s h e l f  

b a s i n s .  

Othe r  T e r t i a r y  mudstone a l s o  c r o p s  o u t  on t h e  c o n t i n e n t a l  s l o p e ;  t h e s e  



rocks  commonly c o n t a i n  more t h a n  0 .25  p e r c e n t  o r g a n i c  carbon (Marlow and 

o t h e r s ,  1976, p. 178) .  However, many of t h e s e  rocks  c rop  out  t o o  f a r  down on 

t h e  c o n t i n e n t a l  s l o p e  t o  be r e p r e s e n t a t i v e  of t h e  lower sediment  s e c t i o n s  i n  

t h e  b a s i n s .  Because t h e  s t r a t i g r a p h i c a l l y  lower b a s i n  beds wedge o u t  a g a i n s t  

t h e  f l a n k s  of t h e  b a s i n s  c o r r e l a t i v e  o u t c r o p s  a r e  v i r t u a l l y  unknown along t h e  

nearby c o n t i n e n t a l  s l o p e  

R e s e r v o i r  beds 

The p o r o s i t i e s  of Eocene t o  P l i o c e n e - P l e i s t o c e n e  r o c k s  dredged from 1 5  

s i t e s  a l o n g  t h e  Bering Sea c o n t i n e n t a l  margin range  from 14 t o  70 p e r c e n t  

(avg, 44 p e r c e n t )  a s  shown i n  Table  2.  

The Cenozoic samples a r e  g e n e r a l l y  porous  - probably  because  of abundant 

d ia tom f r u s t u l e s .  The p e r m e a b i l i t y  of t h e s e  rocks  i s  v a r i a b l e ,  p robab ly  

because  of submarine wea ther ing  and subsequent  cementat ion e f f e c t s .  These 

Cenozoic o u t c r o p s  can be t r a c e d  a s  s e i s m i c  r e f l e c t o r s  t o  t h e  s u b s h e l f  b a s i n s ,  

where, i f  t h e  beds remain diatomaceous,  good p o t e n t i a l  r e s e r v o i r  beds may 

occur .  

These samples may be e q u i v a l e n t  t o  t h e  upper  sedimentary  s e c t i o n  i n  St. 

George b a s i n ,  implying that good r e s e r v o i r  beds  may be  present i n  the  b a s i n .  

Neogene r e s e r v o i r  rock beds  of shallow-water o r i g i n  a r e  a l s o  l i k e l y  t o  be 

p r e s e n t  i n  S t .  George b a s i n  because  sed iment ion  h a s  matched s u b s i d e n c e ,  which 

6 averaged 100 t o  200 m/10 y r  d u r i n g  Cenozoic t ime  (Marlow and o t h e r s ,  

1976b).  The t h i c k  sections of t h e  basins benea th  t h e  Ber ing  Sea s h e l f  

accumulated n e a r  t h e  mouths of major Alaskan and S i b e r i a n  r i v e r s ,  i n c l u d i n g  

the  Yukon and Kuskokwirn. During Neogene time, t h e  s h e l f  w a s  swept by numerous 

marine  t r a n s g r e s s i o n s  and r e g r e s s i o n s  (Hopkins,  1967; Hopkins and S c h o l l ,  

1970).  A l l  t h e s e  f a c t o r s  s u g g e s t  t h e  l i k e l y  d e p o s i t i o n  of n e r i t i c  and d e l t a i c  

s t r a t a  and hence good r e s e r v o i r  beds i n  t h e  b a s i n .  



Table 2. Physical proper t ies  of rocks dredged from t h e  Bering Sea continental  
margin. For locat ions ,  see Marlow and others  (1976b, 1979b). 

Sample permeability Porosity 
number Lithology Age ( m a )  ( % )  

Calcareous 
wacke 
Diatomaceous 
mudstone 
Diatomaceous 

Pliocene- 
Pleistocene 
L. Miocene 

M .  o r  L. 
Miocene 
L. Miocene 

siltstone 
Sandy 
muds tone 
GlauconitiC 
muds tone 
Mudstone 
Diatomacoues 
muds tone 
Diatomacoues 

L. Middle 
Miocene 
M .Miocene 
E. Miocene 

E. Miocene 
muds tone 
Diatomaceous 
mudstone 
Sandy 
muas tone 
Calcareous 
s i l t s t o n e  
Andesite 
t u f f  
Pebbly 
conglomerate 
Distomaceous 
muds tone 
Muds tone 
Sandy 
s i l t sone  
Glauconit ic 
sands tone 
Calcareous 
a r g i l  l i t e  
L i th ic  
wacke 
L i th ic  
wacke 

L. Oligocene or 
E .  Miocene 

E. Oligocene ( ? )  
Eocene ( ? ) 

Eocene ( ? ) 

Note: * These values from Marlow and others  (1976). No permeability values 
measures. 

# N o  age given because of a lack of diagnostic f o s s i l s .  



The s t r a t i g r a p h i c a l l y  lower s e c t i o n s  of St. George b a s i n  a r e  presumed t o  

i n c l u d e  upper  Mesozoic and lower T e r t i a r y  beds .  The g e o l o g i c  e v o l u t i o n  of t h e  

Ber ing  Sea s h e l f  and margins s u g g e s t s  t h a t  i n  l a t e  Mesozoic and e a r l y  T e r t i a r y  

t i m e ,  t h e  then-forming s h e l f  b a s i n s  were f l a n k e d  by c o a s t a l  mountains ,  

p e n i n s u l a s ,  and i s l a n d s .  These s u b s i d i n g ,  y e t  r e l a t i v e l y  h igh ,  l a n d  masses of 

Mesozoic rock would have shed c o a r s e  c l a s t i c  d e b r i s  i n t o  t h e  a d j a c e n t  b a s i n s  

d u r i n g  e a r l y  T e r t i a r y  time, and t h e s e  beds cou ld  a l s o  be good p r o s p e c t i v e  

r e s e r v o i r s .  

Traps  

Within  S t .  George b a s i n  s t r u c t u r a l  t r a p s  i n c l u d e  broad a n t i c l i n a l  

c l o s u r e s  and t i g h t e r  f o l d s  a s s o c i a t e d  wi th  normal f a u l t s .  C losure  and f a u l t  

o f f s e t  i n c r e a s e  w i t h  dep th ;  hence,  growth-type s t r u c t u r a l  t r a p s  formed 

con t inuous ly  wi th  b a s i n  f i l l i n g .  

P o t e n t i a l  s t r a t i g r a p h i c  t r a p s  a r e  r e c o g n i z a b l e  i n  t h e  t h i n n i n g  and 

wedging of t h e  beds of t h e  o l d e r  s t r a t i g r a p h i c  sequence toward t h e  f l a n k s  of 

St. George b a s i n  ( F i g .  9 ) .  These beds d i p  toward t h e  a x i s  of t h e  b a s i n ,  hence 

up-dip m i g r a t i n g  f l u i d s  cou ld  be t r a p p e d  a g a i n s t  t h e  much denser  and less 

permeable rocks  of t h e  Mesozoic basement. The b a s i n ' s  lower s t r a t i g r a p h i c  

sequence is  d i s c o r d a n t l y  over lapped by t h e  younger a c o u s t i c a l l y  r e f l e c t i v e  

sequence.  Hydrocarbons m i g r a t i n g  up-dip a long  t h e  lower beds might ,  

t h e r e f o r e ,  be t r a p p e d  beneath  t h e  o v e r l a p p i n g  upper  sedimentary  sequences .  

Summary 

Although t h e r e  i s  no d i r e c t  ev idence  t h a t  o i l  and gas  have been genera ted  

i n  S t .  George b a s i n ,  shows i n  a s s o c i a t e d  rocks  on t h e  Alaska Pen insu la  sugges t  

t h i s  may be so. The i m p l i c a t i o n s  of t h e  rocks  sampled a t  submerged o u t c r o p s ,  

t h e  s t r u c t u r e  and r e f l e c t i v e  c h a r a c t e r i s t i c s  of t h e  b a s i n  f i l l ,  which i s  



t h i c k e r  t han  10.0 km, and r e g i o n a l  geo log ic  s t u d i e s  combine t o  i n d i c a t e  t h a t  

St. Geroge b a s i n  may be a  p o t e n t i a l  o i l  and  gas  p rov ince .  
I 

ENVIRONMENTAL GEOLOGY 

I n t r o d u c t i o n  

Major p o t e n t i a l  geo log ic  hazards  i n  t h e  s o u t h e r n  Ber ing  Sea i n  t h e  area 

o f  S t .  George b a s i n  i n c l u d e  f a u l t i n g  and e a r t h q u a k e s ,  sea f l o o r  i n s t a b i l i t y  

due t o  e r o s i o n  and slumping, v o l c a n i c  a c t i v i t y ,  and i c e .  T h i s  s e c t i o n  on 

environmental  hazards  is  d e r i v e d  mainly from Gardner and o t h e r s  ( 1979 ) 

a l t h o u g h  some p a r t s  a r e  t a k e n  from L i s i t s y n  (19661, Askren  ( 1 9 7 2 ) ,  Nelson and 

o t h e r s  ( 1 9 7 4 ) ,  Sharma ( 1 9 7 4 ) ,  and  Marlow and o t h e r s  (1976) .  F a u l t i n g  and s e a  

f l o o r  s t a b i l i t y  are probab ly  t h e  g r e a t e s t  p o t e n t i a l  hazards  i n  t h e  r e g i o n ,  

a l though  o t h e r  hazards  may be impor tan t  l o c a l l y .  A s e c t i o n  on sediment  

d i s t r i b u t i o n  is  a l s o  inc luded .  

S e i s m i c i t y  and F a u l t i n g  

C l a s s i f i c a t i o n  of F a u l t s  

T w o  a s p e c t s  of f a u l t s  p r o v i d e  a b a s i s  f o r  t h e i r  e v a l u a t i o n  as p o t e n t i a l  

h a z a r d s  - t h e i r  magnitude and t h e i r  r ecency  of movement. Magnitude can be 

e s t i m a t e d  from t h e  amount of o f f s e t  and recency  of movement can be determined 

by t h e  age of the s t r a t a  t h a t  a r e  d i s p l a c e d .  F a u l t s  t h a t  o f f s e t  t h e  sea f l o o r  

must be c o n s i d e r e d  a s  p o t e n t i a l l y  a c t i v e .  

The f o l l o w i n g  s e i s m i c - r e f l e c t i o n  systems w e r e  used t o  d e l i n e a t e  f a u l t s  i n  

t h i s  a r e a :  1 )  3.5 kHz; 2 )  1.5 kHz; 3)  s ing le -channe l  s e i s m i c - r e f l e c t i o n  

(60  KJ t o  160 KJ s p a r k e r ,  and up t o  1326 in3 a i r -gun  s o u r c e s )  ; and 4) 24- 

channel  sys tem u s i n g  a  1326 i n 3  a i r  gun a r r a y .  The r e s o l u t i o n s  of t h e  s e i s m i c  

sys tems,  which determine t h e  minimum o f f s e t  w e  can d e t e c t  w i t h  each system,  

are shown i n  Table 1 .  The r e s o l u t i o n s  were c a l c u l a t e d  u s i n g  t h e  v e l o c i t y  of 



sound i n  wa te r  and by fo l lowing  t h e  p rocedure  of Moore (1969) .  

Tab le  3 .  Ranges of r e s o l u t i o n  f o r  s e i s m i c  sys tems.  

Approximate Peak Frequency Range of Minimum R e s o l u t i o n  ( m )  

40  Hz ( m u l t i c h a n n e l )  9.4 t o  28.1 

100 HZ ( s i n g l e  c h a n n e l )  3.2 t o  11.2 

1.5 kHz 0.15 t o  0.5 

3.5 kHz 0.1 t o  0.3 

F a u l t s  a r e  c l a s s i f i e d  as  s u r f a c e ,  minor,  and major f a u l t s .  S u r f a c e  

f a u l t s  a r e  any f a u l t s  d e t e c t e d  t h a t  o f f s e t  the  s u r f a c e  of t h e  sea f l o o r .  I n  

S t .  George b a s i n ,  t h e s e  f a u l t s  o f f s e t  t h e  s e a  f l o o r  no more t h a n  a  few 

meters .  Minor n e a r - s u r f a c e  f a u l t s  a r e  r e s o l v e d  on 2.5 kHz and/or  3.5kHz 

r e c o r d s ,  b u t  n o t  on s i n g l e  o r  mul t i channe l  s e i s m i c - r e f l e c t i o n  p r o f i l e s .  These 

f a u l t s  t y p i c a l l y  d i s p l a c e  r e f l e c t o r s  less and  t h a n  0.006 s e c  ( 5  m). Most 

minor f a u l t s  are close t o  b u t  do n o t  break t h e  sea f l o o r ;  i n  places sediment  

d rapes  over  t h e s e  f e a t u r e s .  Major f a u l t s  a r e  d e f i n e d  a s  t h o s e  r e s o l v e d  on 

mul t i channe l  and s ing le -channe l  s e i s m i c - r e f l e c t i o n  p r o f i l e s .  These f a u l t s  

g e n e r a l l y  a r e  growth s t r u c t u r e s  and many d i s p l a c e  t h e  a c o u s t i c  basement. 

Boundary f a u l t s  a r e  major f a u l t s  t h a t  mark t h e  boundar ies  of S t .  George b a s i n .  

F a u l t  D i s t r i b u t i o n  

D i s t r i b u t i o n  of f a u l t s  is  shown i n  Fig.  13. The s t r i k e  of most f a u l t s  i s  

unknown because  o f  t h e  r e l a t i v e l y  wide s p a c i n g  of t r a c k l i n e s .  F a u l t s  found on  

nor theas t - sou thwes t  t r a c k l i n e s ,  p e r p e n d i c u l a r  t o  t h e  long  a x i s  of S t .  George 

b a s i n ,  g r e a t l y  outnumber t h o s e  observed on nor thwes t - sou theas t  t r a c k l i n e s  

which i n d i c a t e s  t h a t  t h e  m a j o r i t y  of t h e  f a u l t s  have a nor thwes t - sou theas t  

t r e n d  and p a r a l l e l  t h e  t r e n d  of t h e  b a s i n .  F a u l t s  bounding S t .  George b a s i n  

can be c o n f i d e n t l y  t r a c e d  between t r a c k l i n e s .  W e  b e l i e v e  t h a t  most f a u l t s  





beneath t h e  she l f  and those  i n  St. George b a s i n  i n  p a r t i c u l a r ,  t r e n d  

northwest-southeast  p a r a l l e l  t o  t h e  bas in  and t o  t h e  margin. 

Boundary f a u l t s  c l e a r l y  d e l i n e a t e  St. George bas in ,  and t h e  nor th  s i d e  of 

t h e  P r i b i l o f  r i dge .  These f a u l t s  a r e  normal f a u l t s ,  occur i n  groups, and  

e x h i b i t  increased  o f f s e t  with depth, which i n d i c a t e s  growth-type s t r u c t u r e s .  

These f a u l t s  i n  many p l aces  cut nea r ly  a l l  of t h e  sedimentary s e c t i o n ,  and 

o f t e n  o f f s e t  a c o u s t i c  basement, bu t  r a r e l y  o f f s e t  t h e  s ea  f l o o r .  

Major f a u l t s  ( o t h e r  than boundary f a u l t s )  p r i n c i p a l l y  occur  wi th in  S t .  

George bas in ,  a l though a  f e w  occur w i th in  m a k  bas in  (F igu re  1 4 ) .  T h i s  c l a s s  

of f a u l t  decreases  i n  abundance toward t h e  P r i b i l o f  I s l ands .  Major f a u l t s  

showshow displacements  t h a t  gene ra l l y  are much l e s s  than  t h e  l a r g e r  boundary 

f a u l t s  but  o f f s e t s  g r e a t e r  than 0.08 s e c  ( 6 0  m )  occur i n  t h e  c e n t r a l  region of 

S t .  George bas in .  Major f a u l t s  a r e  not  always o f f s e t  i n  t h e  same sense a s  

ad jacent  boundary f a u l t s .  

Surface f a u l t s  tend t o  be more abundant a long t h e  southern s i d e  of S t .  

George bas in  and a long  P r i b i l o f  r i d g e  than i n  t h e  c e n t e r  of t h e  bas in  (F igure  

14). Most s u r f a c e  f a u l t s  can be t r a c e d  from h igh- reso lu t ion  t o  low-resolution 

records ,  which sugges ts  t h a t  most su r f ace  f a u l t s  a r e  express ions  of major 

f a u l t s  and of boundary f a u l t s .  

Minor f a u l t s  (F igu re  1 5 )  occur throughout t h e  southern o u t e r  s h e l f ,  

a l though,  l i k e  o the r  c l a s s e s  of f a u l t s ,  they a r e  a l s o  concent ra ted  i n  t h e  

middle region of S t .  George bas in ,  away from t h e  P r i b i l o f  r idge .  Minor f a u l t s  

are more f requent  south of t h e  r i d g e  than  t o  t h e  no r th  (F igu re  1 5 ) .  Most 

minor f a u l t s  o f f s e t  r e f l e c t o r s  Less than 0.006 s e c  ( 5  m )  and almost  a l l  t h e s e  

f a u l t s  c u t  t h e  t o p  0.005 s e c  (approximately 4 rn) of t h e  sedimentary s e c t i o n .  

Diatoms recovered i n  sediment from g r a v i t y  co re s  up t o  2 m long a r e  younger 







t h a n  260,000 y e a r s  ( a l l  w i t h i n  t h e  D e n t i c u l a  seminae Zone; John Barron,  p e r s .  

commun., 1976, 1977) .  If w e  assume t h a t  a  2 m c o r e  j u s t  p e n e t r a t e d  t h e  e n t i r e  

3 Dent icu la  seminae Zone, t h e n  t h e  minimum accumulat ion r a t e  i s  0.8 m / l O  . I f  

w e  assume t h a t  t h i s  minimum accumulat ion r a t e  i s  t y p i c a l  f o r  t h e  t o p  4 m of 

sediment  ( t h e  t h i c k n e s s  r e c e n t l y  a f f e c t e d  by minor f a u l t s ) ,  t h e n  t h e  maximum 

3 age  of t h e  sediment ,  c a l c u l a t e d  u s i n g  0.8 crn/lO y r .  i s  520,000 YBP. Thus, 

minor f a u l t i n g  may be no o l d e r  t h a n  P l e i s t o c e n e  i n  age.  Accumulation r a t e s  

3  may be much g r e a t e r ,  f o r  example 10 cm/lO yr. as sugges ted  by cI4  d a t e s  from 

a r e a s  f a r t h e r  n o r t h  (Askren,  1972) ,  i n  which c a s e  t h e  minor f a u l t s  cou ld  c u t  

sediment as  young a s  40,000 YBP. 

Earthquakes  

The s o u t h e r n  Ber ing  Sea margin is  w i t h i n  500 km of t h e  A l e u t i a n  Trench, 

t h e  p r e s e n t  s i t e  of subduc t ion  between t h e  P a c i f i c  and North American 

p l a t e s .  S e v e r a l  i n t e r m e d i a t e  - t o  deep-focus ( 7 1  t o  300 km deep)  and many 

shal low-focus  (less t h a n  71 km deep) e a r t h q u a k e s  were recorded  benea th  t h e  

s o u t h e r n  Bering Sea margin from 1962 t o  1969 a s  shown i n  F i g u r e  16. The S t .  

George b a s i n  and sur rounding  a r e a s  have been s u b j e c t  t o  e a r t h q u a k e s  wi th  

i n t e n s t i e s  a s  h igh  a s  VIII (modi f i ed  M e r c a l l i  s c a l e ) ,  which cor responds  t o  a 

magnitude 5.7 e a r t h q u a k e  (Meyers and o t h e r s ,  1976).  Recurrence r a t e s  of 

ea r thquakes  for t h e  area bounded by l a t i t u d e s  50° and 60° N and l o n g i t u d e s  of 

160° t o  175O W have been as high  a s  6.4 e a r t h q u a k e s  p e r  y e a r  from 1963 t o  1974 

for magnitudes of 4.0 t o  8 .4 ,  and 0.013 e a r t h q u a k e s  per y e a r  of magnitude 8.5 

t o  8.9 ( 1  e v e r y  130 y e a r s )  from 1899 t o  1974 (Meyers and o t h e r s ,  1976).  

The c o r r e l a t i o n  of ea r thquakes  t o  sha l low f a u l t i n g  i s  n o t  w e l l  unders tood 

(Page,  1975) .  We b e l i e v e ,  however, t h a t  many of t h e  f a u l t s  i n  t h e  s o u t h e r n  

Ber ing  Sea a r e  a c t i v e  and t h a t  t h e y  probably  respond t o  ear thquake- induced 

e n e r g i e s  and p o s s i b l y  t o  sediment l o a d i n g  i n  S t .  George b a s i n .  





Summary 

S e i s m i c - r e f l e c t i o n  d a t a  a r e  used t o  i d e n t i f y  and m a p  f a u l t s  beneath  t h e  

o u t e r  c o n t i n e n t a l  s h e l f  of t h e  s o u t h e r n  Ber ing  Sea. W e  s tudied  more t h a n  

10 ,000  km of s ing le -channe l  and 6 0 0  km of mul t i channe l  s e i s m i c - r e f l e c t i o n  

p r o f i l e s .  Our s e i s m i c  systems can r e s o l v e  o f f s e t s  t h a t  range from a  f r a c t i o n  

of a meter t o  s e v e r a l  k i l o m e t e r s .  F a u l t s  a r e  c l a s s i f i e d  as major ,  minor,  and 

s u r f a c e  based on t h e  t y p e  and amount of d isplacement .  Major f a u l t s  a r e  t h o s e  

r e s o l v e d  on b o t h  mul t i channe l  and s ing le -channe l  s e i s m i c - r e f l e c t i o n  

r e c o r d s .  These f a u l t s  g e n e r a l l y  p e n e t r a t e  from s e v e r a l  hundred meters t o  

s e v e r a l  k i l o m e t e r s  beneath  t h e  s e a  f l o o r  and some d i s p l a c e  r e f l e c t o r s  more 

t h a n  60 meters .  Major f a u l t s  a r e  p r i n c i p a l l y  d i s t r i b u t e d  a l o n g  o r  near  t h e  

b o r d e r s  of St. George ba s in  and t h e y  t r e n d  NW-SE p a r a l l e l  t o  t h e  b a s i n ' s  l o n g  

a x i s .  Major f a u l t s  o f t e n  o f f s e t  t h e  s e a f l o o r  and  l i k e  s u r f a c e  f a u l t s ,  a r e  

most abundant a l o n g  t h e  boundar ies  of st. George b a s i n .  Minor f a u l t s  a r e  

wide ly  d i s t r i b u t e d  th roughout  t h e  o u t e r  s h e l f ;  however, t o  t h e  e a s t  t h e y  a r e  

c o n c e n t r a t e d  i n  t h e  middle of S t .  George b a s i n .  Most minor f a u l t s  exhibit 

disp lacements  of 5 m o r  l e s s  and a lmost  a l l  approach t h e  s e a  f l o o r  t o  w i t h i n  4 

o r  5 m. The p r e c i s e  age of f a u l t i n g  i s  n o t  known a l though  both  s u r f a c e  and 

minor f a u l t s  do o f f s e t  upper  P l e i s t o c e n e  sediment. Major f a u l t s  a r e  probably 

r e l a t e d  t o  s t r e s s  f i e l d s  e s t a b l i s h e d  by Mesozoic and Cenozoic p l a t e  motions 

and minor f a u l t s  a r e  r e l a t e d  t o  high s e i s m i c i t y  i n  t h e  nearby Aleu t ian  subduc- 

t i o n  zone. 

S e a f l o o r  I n s t a b i l i t y  

Areas of p o t e n t i a l l y  u n s t a b l e  sediment  masses ( F i g .  1 3 )  were determined 

from t h e  s e i s m i c  r e f l e c t i o n  r e c o r d s  by u s i n g  one or more o f  t h e  f o l l o w i n g  

c r i t e r i a :  1 )  s u r f a c e  f a u l t s  wi th  s t e e p  s c a r p s  and r o t a t e d  s u r f a c e s ;  2 )  

deformed bedding and/or d i s c o n t i n u o u s  r e f l e c t o r s ;  3 )  hummocky topography; 



4 )  anomalously t h i c k  accumulat ion of sediment ;  and 5 )  a c o u s t i c a l l y -  

t r a n s p a r e n t  masses of sediment .  Regions t h a t  show u n s t a b l e  sed iments  ( e . g .  

g r a v i t y  s l i d e s ,  slumps,  c r e e p ,  s c a r p s ,  e tc .)  a r e  conf ined  t o  t h e  c o n t i n e n t a l  

s l o p e  and r ise and t h e  P r i b i l o f  and  Ber ing  Canyons. Zones of c r e e p ,  as shown 

by i r r e g u l a r ,  hummocky topography, b e g i n  n e a r  t h e  s h e l f  break a t  dep ths  of 

abou t  170 m and c o n t i n u e  o n t o  t h e  upper c o n t i n e n t a l  s lope .  Hummocky 

topography o c c u r s  on t h e  c o n t i n e n t a l  s l o p e  on a  l a r g e  scale and m a s s  movement 

is a  common f e a t u r e .  We s u s p e c t  t h e  e n t i r e  c o n t i n e n t a l  s l o p e  and t h e  w a l l s  of 

t h e  major submarine canyons t o  be zones  of p o t e n t i a l l y  u n s t a b l e  sediment.  

Regimes of a c t i v e  sediment  movement cou ld  respond t o  a v a r i e t y  of energy 

s o u r c e s  i n c l u d i n g  e a r t h q u a k e s ,  s to rms ,  i n t e r n a l  waves, and g r a v i t y .  

Earthquake-,  t ide- ,  and  wind-induced waves a f f e c t  sediment  movement i n  

t h e  sou thern  Ber ing  Sea around St. George b a s i n  a c c o r d i n g  t o  L i s i t s y n  (1966, 

p. 96-98). Ear thquakes  and a s s o c i a t e d  tsunamis  can a f f e c t  sha l low water  

sed imenta ry  d e p o s i t s .  T ides  a l s o  have a  s t r o n g  a f f e c t  i n  sha l low wate r ,  

p a r t i c u l a r l y  i n  funnel-shaped e s t u a r i e s  such a s  Kuskokwirn Es tuary ,  where t h e  

t i d e  ranges  up t o  8 mete r s  and c u r r e n t  v e l o c i t i e s  can  exceed 200  an/sec 

( L i s i t s y n ,  1966).  Wind-induced waves i n f l u e n c e  s e d i m e n t a t i o n  i n  d e p t h s  up t o  

100 mete r s  i n  t h e  Ber ing  Sea. Storms i n  t h e  a r e a  a r e  f r e q u e n t ,  and t h e  

p r o b a b i l i t y  of s t o r m  waves s e v e r a l  mete r s  i n  h e i g h t  exceeds 20% d u r i n g  any 

g iven  y e a r  ( L i s i t s y n ,  1966, p. 98) .  The s t r o n g e s t  and most prolonged s torms 

occur  d u r i n g  f a l l  and w i n t e r  seasons .  I n  l a t e  summer and e a r l y  f a l l  waves 

g e n e r a t e d  by P a c i f i c  typhoons o f t e n  p e n e t r a t e  t h e  A l e u t i a n  I s l a n d  a r c  and 

reach  t h e  s o u t h e r n  Ber ing  Sea. 



Volcanic  A c t i v i t y  

The Bering Sea s h e l f  and margin nea r  St. George bas in  a r e  bounded on t h e  

south by t h e  vo l can i ca l ly  a c t i v e  Alaska Peninsula  and e a s t e r n  Aleu t ian  

I s lands .  Coats (1950) l is ts  25  a c t i v e  volcanoes i n  t h e  Aleut ian I s l a n d s  and 

11 on t h e  Alaska Peninsula  and mainland. Volcanism t o  t h e  nor th ,  i n  t h e  

P r i b i l o f  I s l a n d s ,  may s t i l l  be a c t i v e  (Hopkins, o r a l  communication, 1976).  

Hazards from volcanic  a c t i v i t y  a r e  a s s o c i a t e d  wi th  e rup t ion  of lava and ash  

and t h e  a t t e n d a n t  ear thquakes.  The d i s t r i b u t i o n  of ash i s  dependent on t h e  

magma composition, e rup t ion  c h a r a c t e r ,  wind speed and d i r e c t i o n  a t  t h e  t ime of 

e rup t ion ,  he igh t  of e rup t ion ,  volume of m a t e r i a l ,  and s p e c i f i c  p r o p e r t i e s  of 

t h e  p y r o c l a s t i c  deb r i s .  Erupt ions from t h e  l a r g e  a n d e s i t i c  cones on t h e  

Alaska Peninsula  and Aleut ian I s l ands  a r e  mostly t h e  explosive- type and can 

spread p y r o c l a s t i c  m a t e r i a l s  over l a r g e  a r e a s ,  whereas e rup t ions  from b a s a l t i c  

volcanoes,  such a s  those  on the P r i b i l o f  and Nunivak I s l ands ,  a r e  no t  as 

explos ive  and would have only l o c a l  e f f e c t s .  

The l a r g e s t  known q u a n t i t y  of vo lcan ic  m a t e r i a l  e rup t ed  i n  h i s t o r i c  t imes  

3 i n  t h e  A l a s k a  a rea ,  some 2 1  k m  of  ash,  was erupted by Katmai volcano i n  1912, 

when ash was c a r r i e d  over d i s t ances  of 2000 km o r  more, A t  a d i s t ance  of 180 

k m  from t h e  volcano, a sh  was depos i ted  with a  dens i ty  of about 45 g / m  

( L i s i t s y n ,  1966). According t o  h i s t o r i c a l  d a t a ,  i n d i v i d u a l  ash  depos i t s  i n  

t h e  Bering Sea reg ion  extend 200 t o  2000 km from t h e  source ,  averaging about 

500 km. Hazards a r e  a s s o c i a t e d  no t  only with t h e  volume of ash t h a t  might be 

depos i ted  but  a l s o  wi th  ground motion t h a t  o f t e n  accompanies major 

e rupt ions .  These fo rces ,  i nc lud ing  base surges  from ca lde ra  e r u p t i o n s ,  may 

a f f e c t  manmade s t r u c t u r e s  and a l s o  shake loose  p re -ex i s t i ng ,  uns t ab l e ,  and 

undercompacted sediment bodies.  



I c e  

P a r t s  of t h e  s o u t h e r n  Ber ing  Sea c o n t i n e n t a l  s h e l f  and margin i n  the 

v i c i n i t y  of S t .  George b a s i n  a r e  covered wi th  i c e  f o r  s e v e r a l  months a  y e a r  

(F ig .  1 7 ) .  I c e  development r e a c h e s  i t s  maximum d u r i n g  March and A p r i l  when 

u n s t r e s s e d  f l o e s  reach  1  t o  2 m i n  t h i c k n e s s  ( L i s i t s y n ,  1966) .  Both migra to ry  

and s t a t i o n a r y  i c e  form; t h e  l a t t e r  o c c u r s  a l o n g  t h e  s h o r e l i n e s  and ranges  i n  

width  from a few m e t e r s  t o  a s  much a s  8 0  km from t h e  shore .  Some i c e  gouging 

o c c u r s  around t h e  s h o r e l i n e s  where t h e  ice i s  t h i c k e s t ,  and man-made 

s t r u c t u r e s ,  p i p e l i n e s ,  and ports may be a f f e c t e d  by ice-ramming and bottom 

s c o u r i n g .  

Sedimentology and Geochemistry of S u r f a c e  Sediment 

General  D e s c r i p t i o n  and Texture  of S u r f a c e  sed iments  

The s u r f i c i a l  sedimentary  cover  of t h e  o u t e r  c o n t i n e n t a l  s h e l f  i s  

g e n e r a l l y  o l i v e  g ray ,  g r e e n i s h  gray,  t o  g r a y i s h  o l i v e  green s i l t  t o  s i l t y  

sand. Evidence far e x t e n s i v e  burrowing, such as  c o l o r  m o t t l i n g ,  d i s c r e t e  

burrows, and t o t a l  homogenization w i t h  no i n t e r n a l  s t r u c t u r e s ,  i s  common 

throughout  a l l  c o r e s .  Some c o r e s  have t h i n  i n t e r b e d s  5 to 15 cm t h i c k  of 

c o a r s e r - g r a i n e d  m a t e r i a l ,  b u t  t h i s  i s  n o t  a  g e n e r a l  feature. Four c o r e s  from 

t h e  outermost  p a r t  of t h e  c o n t i n e n t a l  s h e l f  ( F i g .  18, c o r e s  G113, G116, (3118, 

and G119)  have an  upper l a y e r ,  50  cm t h i c k ,  of d ia tom-bear ing g r e e n i s h  gray 

s i l t  o v e r l y i n g  a gray s i l t y  c l a y  wi th  ve ry  few diatoms. Almost all of t h e  

o t h e r  c o r e s  show a uniform l i t h o l o g y .  Askren (1972)  r e p o r t e d  ben thon ic  

f o r a m i n i f e r a  i n  sediment from t h i s  a r e a .  W e  examined 124 surface sediment 

samples and d i d  n o t  f i n d  any ben thon ic  f o r a m i n i f e r a .  The reasons  fo r  t h i s  

d i sc repancy  remain a mystery.  

The g ray  and g r e e n i s h  hues of t h e  sediment  i n d i c a t e  reduc ing  c o n d i t i o n s  

or a t  l e a s t  reduced i r o n  o x i d e s  i n  t h e  c l a y  m i n e r a l s .  The water  column i s  



Figure 17.  Ice cover of t h e  Bering Sea. From McRoy and Goeri n g  (1  9 7 4 ) .  



F i g u r e  18. Sample locations for cruise S4-76. From Gardner and others (1979). 



c e r t a i n l y  n o t  anaerob ic  a t  any l e v e l ;  t h u s  t h e  reduc ing  environment i s  

d i a g e n e t i c .  Because t h e  r e g i o n  i s  one of ve ry  h i g h  b i o l o g i c a l  p r o d u c t i v i t y  

(Hat tor i  and Wada, 19741, i t  seems most likely t h a t  large volumes of o r g a n i c  

d e b r i s  from p lank ton  and nekton s e t t l e  t o  t h e  sediment  s u r f a c e .  Burrowing 

a t t e s t s  t o  h igh  e p i f a u n a l  and i n f a u n a l  a c t i v i t y  on and i n  the sediments .  

Aerobic b a c t e r i a ,  i n  t h e  p resence  of abundant o r g a n i c  d e b r i s ,  use  up a l l  

a v a i l a b l e  i n t e r s t i t i a l  oxygen. The sediment  becomes reduced because  of high 

b i o l o g i c a l  demand, even though t h e  o v e r l y i n g  bottom water  i s  r i c h l y  

oxygenated.  The s a l i e n t  f e a t u r e s  of t h e  d i s t r i b u t i o n  of g r a i n  s i z e s  i s  a 

b u l l ' s - e y e  p a t t e r n  of f i n e r  g r a i n  s i z e  over  S t .  George b a s i n ,  and a broad band 

of rapid s i z e  change around t h e  head of P r i b i l o f  Canyon and t h e  nor thwes te rn  

margin of Ber ing Canyon ( F i g .  19) .  The b u l l ' s - e y e  p a t t e r n  r e f l e c t s  t h e  

o c c u r r e n c e  of f i n e r  g r a i n  s i z e s  i n  t h e  c e n t e r  of t h e  graben t h a t  forms S t .  

George b a s i n .  The band of r a p i d  s i z e  change c o i n c i d e s  wi th  a r e a s  of h i g h  

topograph ic  r e l i e f ,  w i t h  c o a r s e r  sediment  a t  s h a l l o w e r  depths .  

Sediment i n  t h e  c e n t r a l  p o r t i o n  o f  St. George b a s i n  i s  v e r y  p o o r l y  s o r t e d  

( F i g .  20), which r e f l e c t s  t h e  l a c k  of s i g n i f i c a n t  winnowing. The nor thwes te rn  

border  of t h e  Ber ing  Canyon, t h e  head of P r i b i l o f  Canyon and  t h e  topograph ic  

h i g h  of P r i b i l o f  r i d g e  a l l  show modera te ly - sor ted  sediment .  The s i z e -  

f requency  d i s t r i b u t i o n  f o r  most sediment  i n  St. George b a s i n  r e g i o n  i s  

l e p t o k u r t i c  t o  ve ry  l e p t o k u r t i c ,  b u t  i n  t h e  v i c i n i t y  of t h e  P r i b i l o f  I s l a n d s  

t h e  d i s t r i b u t i o n s  are mesokurt ic .  The d i s t r i b u t i o n s  a r e  f i n e  t o  s t r o n g l y  

fine-skewed throughout  t h e  reg ion .  Summary s t a t i s t i c s  of g r a i n - s i z e  data 

(median g r a i n  s i z e ,  mean g r a i n  s i z e ,  s o r t i n g ,  skewness,  and k u r t o s i s )  a r e  

g iven  i n  Table  4. 







ThBLE 4 

GRAPHICAL STATISTICS FROM GRAIN SIZE ANALYSIS 

( F o l k  and Ward, 1957) 

K " E ? ~ S J S ( ~  

2 . 7 1  
3.017 
1.27  
1.66 
1 .16  
1 . 4 4  
2 . O €  
2.38 
2 . 1 2  
1.54 
1.23 
1 . 4 E  
1 . 4 2  
1.35 
1 .25  
1.08 
1 .71  
1.33 
1 - 6 1  
1 . 3 3  
1 . 5 6  
1 . 7 2  
1 . 4 8  
1 .16  
1.15 
5 . 2 4  
2.45 
0.93 
1 , 6 8  
1.16 
1 . 1 5  
1 . 0 5  
1 . 6 3  
1 .44  
0 .63  
2.27 
0 .86  
0 . 9 7  
2.90 
1 .OG 
1.21 
1.34 
1.03 

SKEWNESS ( S k i )  

0.63 
0.55 
0.46 
0.43 
0 - 4 6  
0 .49  
0.55 
0 . 3 8  
0.49 
0.59 
0 . 6 2  
0,46  
0 . 5 2  
0 . 5 3  
0 . 4 3  
0.13 
0 .25  
0 -07 
0.10 
0 . 0 7  
0.19 
0.28 
0.16 
0.06 
0 -09 
0.19 
0.50 
0.17 
0.55 
0 . 4 3  
0 . 4 6  
0.16 
0 . 6 8  
0 .20  
0 . 0 2  
0.19 
0.30 
0.60 
0.59 
0.69 
0 . 4 9  
0.12 
0 -03 

SOi iTI l JG  ( 0 )  

1.05 
0.69 
1.20 
1 . 3 2  
1 . 5 2  
1 . 3 2  
1 . 3 6  
1 .05  
1.19 
1 .68  
1 .70  
1 .39 
1 . 4 7  
1 .52  
1.26 
2.06 
1 .97  
1.69 
1 .45  
1.66 
1.63 
1 .57  
1.92 
2.17  
2.27 
1 . 4 5  
1.12 
3.27 
1.28 
1.60  
1.61 
1 . 6 7  
1.36 
1.70 
1.53 
2.06 
2.97 
3.08 
0.94 
1.53 
1.57 
2 - 0 4  
1.96 

* 

SkYPLE 

76-G4 
76-G5 
76-G8 
76-GI0 
76-G?9 
76- t23  
76-SL'P 
76 -G33  
76-G32 
7 6 - G 3 3  
76-G36 
76-537 
76-G3F 
75-G33 
76-G43 
7 6 - t 4 3  
76-G4 Y 
76-C5 I. 
76-552 
76-55: 
76-G56 
76-557 
76-G5.1 
76-G65 
76-GG2 
76-G6 7 
76-G63 
7G-G71 
76-G75 
76-G77 
76-G79 
7 6 - ~ e 3  
'76-GB3 
76-G99 
76-G94 
76-GI03 
76-G105 
76-GI07 
76-G109 
7 6 - G l l l  
76-G113 
76-G116 
7G-G11B 

MAP 
I N D E X  

NVnBER 

6 
7 
8 
9 
3 4 
4 7 
56 
5 4 
4 8  
4 3 
4 3 
4 4 
4 5 
45 
4 6 
3 3 
2 5 
1 7  
10 
11 
16  
1 6  
20 
20 
2 4 
4 0 
59 
7 3 
7 7 
7 8 
79 
80 
70 
7 1 
6 2 
4 9 
5 8  
5 8 
3 1 
29 
2 3 
2 1 
15 

I 

I 

bEDlkh:  (Yd)  
( $ 1  

3 .54 
3 .72 
3.66 
3.20 
3 . 4 5  
3 . 0 1  
3.18 
3.18 
3.06 
3.14 
3.21 
3 . 0 4  
3 . 2 8  
3.29 
3.15 
4.84 
5.63 
4 . 9 2  
4.91 
4.60 
4 . 8 5  
5.12 
5.35 
5 - 2 6  
5.34 
2 .OD 
2.90 
6.52 
2 -99 
3 . 7 9  
3 . 7 5  
4 -60  
3.69 
4 . 9 4  
0.75 
1.72 
6.16 
5.36 
2.64 
3.02 
4.04 
4.68 
4.73 

HEAV (Mz) 
( $1 

3.81 
3.88 
3-98 
3.52 
3.85 
3 . 3 3  
3.53 
3.29 
3.29 

I 

3.71 
3.83 
3.32 
3 . 7 0  
3.75 
3.39 
4.83 
5.80  
4.81 
4.89 
4.52 
4. R9 
5.26 
5.32 
5.11 
5.25 
1.93 
3.05 
6.76 
3.37 
4.15 
4.16 
4 - 6 4  
4.19 
5 . 0 1  
0 - 6 5  
1.77 
6 -60 
6.66 
2 .87  
3 .71  
4 . 5 0  
4.80 
4.57 



TABLE 4 c 0 n t .  

SKEWNESS (ski) 

0.22 
0.27 
0.21 
0.11 
0.17 
0 .17 
0.19 
0.19 
0.19 
0.12 
0.30 
0 . 1 4  
0.26 
0.19 
0.36 
0.38 
0 -48 
0.31 
0.14 
0.09 
0.11 

- 0 . 0 3  
0 - 2 2  

-0.32 
0.36 
0.. 50 
0.06 
0 - 2 1  
0.21 
0.29 
0.33 

-0.12 
-0.01 
-0 .34  

0 - 2 9  
0.12 

-0.32 
0.49 
0.17 
0.17 
0.15 
0.05 
0 .OG 

SAMPLE 

764119 
76-G121 
7 7 4 1 4  
77-G16 
77-G19 
77-G10 
77-G22 
77-G2 3 
7 7 - G 2 4  
77-G25 
77-G26 
77-G29 

76-V2 
76-V3 
76-V4 
76-V5 
76 - V6 
76-V7 
76-V5 
76 -1'1 0 
7 6 - V l l  
76 -V12  
76 -V14 
76-V15 
76-V16 
7 6 - L ~ 7  
76-V18 
76-V19 
76-V2 1 
76-V22 
76-V2 3 
76 -V2 4 
76-V25 
76-V26 
76-V2 8 
76-V29 
77-V4 
77-V6 
76-P3 
76 -P6 
76-P7 
76-P8 
7 6 - P l l  

KL'RTOSI 5 ( K ~ )  

1 . 2 7  
1.13 
1 . 1 4  
1.43 
1.32 
1 . 0 3  
1.13 
1 . 3 8  
O . E 5  
G .97 
1 .19  
0.93 
2 -41 
1.94 
1.79 
2.10 
3 . 3 4  
2 . 4 1  
2 - 2 2  
4 -58 
1.66 
3.13 
2 . 8 6  
0 . 5 1  
1 . 0 7  
2 . 1 1  
1 . 3 3  
2 . 4 8  
2 - 4 2  
2 . 6 3  
2 -945 
1.85 
2 . 3 6  
2 . 1 1  
1.08 
3.64 
1 . 9 4  
5 - 4 7  
1.56  
1.13 
1. IG 
1 . 3 2  
0 .89 

MAP 
XHDEX 

NUMBER 

1 2  
4 
5 
1 3  
14 
2 2 
3 0 
3 7 
3 8 
3 8  
75 
7 4 
5 5 
6 7  
66 
6 5 
6 4 
59 
84 
8 3 
6 8  
6 9 
60 
6 1 
6 2 
6 3 
57 
5 3 
5 1 
86 
50 
8 7 

. 4 9  
08 
4 
9 1  
89 
2 
2 6 
3 2 
5 5 
7 0 
73 

SORTING (0) 

1.50 
1 .51  
2  - 6 1  
2 - 6 5  
2.69 
2.76 
2.74 
2.56 
2.84 
2 -93 
2.35 
2 -91 
0.76 
0.68 
0 .68  
0.79 
0.72 
1.11 
0 . 4 3  
0 - 4 4  
0 , 6 6  
1.16 
0.87 
1.56 
2 , L O  
0.64 
0 .G4 
0.91 
O.a9 
0 - 9 7  
0 - 9 3  
1.57 
1.78 
1 . 3 3  
1.48 
1.33 
1.23 
0 .68 
1.75 
2 . 2 1  
1.69 
3.79 
3.08 

MEDIAN ( ~ d )  
( $1 

4 - 4 8  
4.64 
6.56 
5.11 
5.34 
7.40 
7.00 
7.12 
7.36 
7.12 
6 . 2 3  
6 -90 
2 . 5 8  
2.75 
2.59 
2 -65 
2.83 
3.19 
2.14 
2.23 
2.83 
2.17 
3.03 
1.42 
0.45 
2 -64  
2.84 
3.04 
2.93 
2 - 8 5  
2 -66 
1.87 
1.68 
1.96 
4.66 
1.86 
1.79 
3.22 
5.02 
5.36 
5.13 
6 - 4 6  
7.73 

MEAN ( M Z )  
( 6) 

4 .57 
4.75 
6.77 
5.18 
5.48 
7.58 
7.30 
7 .25  
7 .61  
7.24 
6 -51 
7 .01  
2.59 
2.75 
2.6G 
2 .71  
2.99 
3.19 
2 .13  
2 . 2 2  
2 . e 3  
2.20 
2.94 
0.93 
0 .65 
2 . 7 3  
2.81 
3.03 
2.90 
2.86 
2.67 
1.61 
1.43 
1.60 
4 - 8 3  
1.93 
1 .49  
3 .25  
5.06 
5.36 
5.14 
6.47 
7.72 



Summary of Sediment D i s t r i b u t i o n  

M i n e r a l o g i c a l  and i n o r g a n i c  geochemical da ta  show t h r e e  major s o u r c e s  of 

sediments  and  one sediment s i n k .  The Alaska mainland source  forms a  

m i n e r a l o g i c a l  and chemical  background t o  most samples from t h e  s h e l f .  The 

dominant source ,  i s  t h e  P r i b i l o f  I s l a n d s .  S t .  George b a s i n  h a s  s e r v e d  a s  a 

s i n k  f o r  f i n e - g r a i n e d  sediment.  

Sediment d i s t r i b u t i o n s  do no t  appear  t o  r e f l e c t  p r e s e n t  day d e p o s i t i o n .  

Ra ther ,  we b e l i e v e  t h a t  t h e  d i s t r i b u t i o n s  a r e  t h e  r e s u l t  of accumulat ion 

d u r i n g  p e r i o d s  of lower s e a  l e v e l  i n  t h e  P l e i s t o c e n e ,  modi f i ed  by present-day 

p rocesses .  The c o n c e n t r a t i o n  of  leut ti an sed iment ,  between t h e  100 m and 200 

m i s o b a t h s ,  which e x h i b i t  a s t r o n g  g r a d i e n t ,  o r  "plume", t h a t  d e c r e a s e s  away 

from Unimak Pass  i n t o  S t .  George b a s i n  i s  evidence f o r  t h e  conc lus ion .  Lack 

of p resen t -day  c u r r e n t s  s u f f i c i e n t  t o  move even c l a y - s i z e  m a t e r i a l  and t h e  

p resence  of t h e  Ber ing submarine canyon between t h e  A l e u t i a n  I s l a n d s  and t h e  

o u t e r  c o n t i n e n t a l  s h e l f  and s l o p e  i n d i c a t e  t h a t  Holocene sediment dynamics 

cannot  be used t o  e x p l a i n  t h e  observed d i s t r i b u t i o n  of s u r f a c e  sed iments  

d e r i v e d  from t h e  A l e u t i a n  I s l a n d s .  W e  b e l i e v e  it i s  l o g i c a l  t o  s u g g e s t  t h a t  

t h i s  d i s t r i b u t i o n  p a t t e r n  is  r e l i c t  and i s  t h e  r e s u l t  of sediment dynamics 

d u r i n g  lower s e a  l e v e l s .  

Hydrocarbon Gases i n  Near S u r f a c e  Sediment 

Gardner and o t h e r s  (1979) and Kvenvolden and  Redden (1979) have shown 

t h a t  hydrocarbon gases  a r e  p r e s e n t  i n  s u r f a c e  and n e a r - s u r f a c e  sediment of t h e  

s o u t h e r n  Ber ing Sea s h e l f  and s l o p e .  Concen t ra t ions  of hydrocarbons a r e  about  

t h e  same i n  s h e l f  and s l o p e  sediment i n  t h e  i n t e r v a l  from 0 t o  about  6 0  cm. 

On t h e  s h e l f ,  a c o u s t i c  anomal ies  ( " b r i g h t  s p o t s "  o r  "wipe-out zones")  a r e  

thought  t o  be due t o  gas c o n c e n t r a t i o n s  ( F i g . 2 1 )  and a r e  g e n e r a l l y  2 0 0  t o  300 

m deep. However, these a c o u s t i c a l  anomal ies  do n o t  produce hydrocarbon gas  



Figure 21. Distribution of acoustic anomalies ( " b r i g h t  s p o t s "  or 
"wipe-out zones") detected in seismic reflection data and t h o u g h t  
t o  be due t o  s h a l l o w  accumulations of gas. 



anomal ies  i n  t h e  n e a r - s u r f a c e  sediment  above them, e x c e p t  f o r  one s t a t i o n  (9-  

12,  S-6-77- BS; Kvenvolden and  Redden, 1979).  The c o n c e n t r a t i o n s  and 

d i s t r i b u t i o n s  of hydrocarbon gases  i n  t h e  sediment  examined from c o r e s  taken 

i n  t h e  a r e a s  shown on Fig .  2 2  do n o t  i n d i c a t e  t h a t  gas s e e p s  a r e  a c t i v e  i n  t h e  

a r e a s  sampled o r  t h a t  t h e  gas i n  t h e  sediment c o n s t i t u t e s  a geo log ic  hazard  

because of h igh  c o n c e n t r a t i o n s .  W e  shou ld  emphasize t h a t  t h e s e  samples a r e  

sha l low (few m e t e r s )  c o r e s  and may n o t  be r e p r e s e n t a t i v e  of g a s - a s s o c i a t e d  

hazards  i n  t h e  sedimentary  s e c t i o n  a t  g r e a t e r  dep ths .  U n s u b s t a n t i a t e d  rumor 

i n d i c a t e s  t h a t  when t h e  COST w e l l  was d r i l l e d  s o u t h  of S t .  George b a s i n  i n  

1977, e n g i n e e r i n g  problems were encounte red  w i t h  sha l low pocke t s  of gas.  To 

e v a l u a t e  t h e  hazards  of p o c k e t s  of h igh-pressured  gas ,  a program of shallow- 

d r i l l i n g  i s  needed b e f o r e  l e a s i n g  i n  t h e  S t .  George b a s i n  a r e a .  

RANKING OF AREAS CONSIDERED PROSPECTIVE FOR HYDROCARBON DEPOSITS 

Figure  2 3  o u t l i n e s  t h e  a r e a  be ing  c o n s i d e r e d  f o r  l e a s e  i n  t h e  s o u t h e r n  

Ber ing Sea,  Within  t h i s  a r e a  we have ranked t h r e e  subreg ions  a s  t o  t h e i r  

p r o b a b i l i t y  of c o n t a i n i n g  hydrocarbon d e p o s i t s .  The r e g i o n  wi th  t h e  g r e a t e s t  

chance f o r  hydrocarbon accumulat ions  i s  t h e  zone u n d e r l a i n  by S t .  George b a s i n  

(most  p r o s p e c t i v e  area, Fig.  2 3 ) .  A s  o u t l i n e d  i n  p rev ious  s e c t i o n s  of t h i s  

r e p o r t ,  St. George b a s i n  c o n t a i n s  t h i c k  ( 1 0  km) sed imenta ry  s e c t i o n s  that a r e  

broken by high-angle  normal f a u l t s  f l a n k i n g  t h e  b a s i n .  O f f s e t  a long  t h e s e  

f a u l t s  i n c r e a s e s  w i t h  dep th ,  i n d i c a t i n g  t h a t  t h e y  a r e  growth s t r u c t u r e s  and 

p o s s i b l e  t r a p s  f o r  hydrocarbons.  Regional  g e o l o g i c  s t u d i e s  i n d i c a t e  t h a t  

s u i t a b l e  s o u r c e  and r e s e r v o i r  rocks  a r e  p robab ly  p r e s e n t  w i t h i n  S t .  George 

bas in .  

The area of secondary rank ing  i s  t h a t  s h e l f  a r e a  i n  wa te r  dep ths  less 

t h a n  200  m t h a t  su r rounds  S t .  George b a s i n .  Although t h i s  a r e a  i s  u n d e r l a i n  by 
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Figure 23.  Ranking of areas in proposed lease sa le  area as to  potential for  
containing hydrocarbon deposits. Note that  the southern, leas t  prospective 
area i s  in water depths exceeding 200 m, beyond present d r i l l i ng  and develop- 
ment technology. When deepwater dr i l l ing  becomes feasible ,  then th i s  area 
should be evaluated separately from t h a t  area t o  the north. 



sedimentary  s e c t i o n s  1-3 km t h i c k ,  r e g i o n a l  g e o l o g i c  s t u d i e s  i n d i c a t e  t h a t  

t h e s e  s e c t i o n s  p robab ly  do n o t  c o n t a i n  s t r u c t u r e s  c a p a b l e  of t r a p p i n g  

hydrocarbons.  S u b t l e  s t r a t i g r a p h i c  traps, however, may be p r e s e n t  here and 

hence,  it i s  only  i n  r e l a t i o n  t o  t h e  known l a r g e  s t r u c t u r a l  f e a t u r e s  i n  St. 

George b a s i n  p r o p e r ,  t h a t  t h e  su r rounding  areas u n d e r l a i n  by 1-3 km of s e c t i o n  

a r e  ranked second. 

The areas cons idered  t o  have t h e  l e a s t  p o t e n t i a l  are also o u t l i n e d  i n  

F i g u r e  2 3 .  The p a r t  of t h e s e  a r e a s  n o r t h  o f  St. George b a s i n  i s  u n d e r l a i n  by 

a sedimentary  s e c t i o n  less t h a n  one k i l o m e t e r  t h i c k ,  probably t o o  t h i n  for t h e  

g e n e r a t i o n  of hydrocarbons,  a t  l e a s t  i n  t h e  s e c t i o n  o v e r l y i n g  a c o u s t i c  

basement. Thus, any e x p l o r a t i o n  t a r g e t s  would have t o  be s t r u c t u r e s  w i t h i n  

t h e  basement complex of t h e  s h e l f .  S i z e ,  e x t e n t ,  and even e x i s t e n c e  of such 

f e a t u r e s  i s  unknown and hence t h e  Low ranking of t h i s  a r e a .  



RESOURCE APPRAISAL 

The S t .  George bas in  OCS Lease Sa l e  a r e a  a s se s sed  f o r  undiscovered 

recoverab le  o i l  and gas resources  was l i m i t e d  t o  t h a t  a r e a  of t h e  she l f  

considered prospec t ive  for t h e s e  commodities. The a s se s sed  a r e a  f a l l s  wi th in  

the c e n t r a l  po r t i on  of the t o t a l  proposed sale  a r e a ,  and covers  more than  

49,000 k m  
2 ,  and is r e s t r i c t e d  t o  t h a t  p o r t i o n  t h a t  l i e s  i n  water depths of 

l e s s  than 200  m,  which have a t  l e a s t  1 km of sediment and includes t h e  two 

a r e a s  t h a t  a r e  shown on Fig.  23  t h a t  a r e  ranked as  "most prospec t ive"  and 

"moderately prospec t ive .  " 

The " l e a s t  p rospec t ive"  a r e a  shown on Figure 23  i s  divided i n t o  two 

p a r t s .  The southern p a r t  is  i n  water depths  g r e a t e r  than 200 meters ,  and i n  

p l a c e s ,  exceeds 2 0 0 0  m. The nor thern  p o r t i o n  of t h e  l e a s t  favorab le  a r e a  

conta ins  a very t h i n  sedimentary s e c t i o n  of Cenozoic rock, which decreases  t o  

t h e  north.  Thus, t h e  p o t e n t i a l  of t h i s  s e c t i o n  i n  terms of undiscovered o i l  

and gas i s  considered t o  be neg l ig ib l e .  

Est imates  of hydrocarbons f o r  t h e  proposed s a l e  a r ea  of St. George bas in  

a r e  based on a n a l y t i c a l  and  s u b j e c t i v e  p r o b a b i l i t y  techniques descr ibed  i n  

U.S.  Geological  Survey C i r cu l a r  7 2 5  (1975 ) .  

Geologic i npu t  used i n  making t h e  resource e s t i m a t e s  inc lude  s t r u c t u r a l  

contour  and sediment t h i cknes s  maps made from se ismic  d a t a  t h a t  a r e  descr ibed  

and i l l u s t r a t e d  i n  t h i s  r e p o r t .  S t r a t i g r a p h i c  information was ex t r apo la t ed  

from dredge samples obtained from t h e  Bering s h e l f  and from we l l s  and su r f ace  

samples on t h e  Alaskan Peninsula  t o  t h e  east. 

Geologic analogs f o r  t h e  S t .  George bas in  a r e  l a r g e l y  lack ing ,  o t h e r  than 

t h e  c u r r e n t l y  non-productive bas in s  a long t h e  margin of t h e  Bering s h e l f  such 

as t h e  southern p o r t i o n  of t h e  Navarin bas in .  Only specu la t i ve  ana log ie s  may 



be drawn with other basins of the  P a c i f i c  margin of the U.S. However, 

resource p o t e n t i a l  i s  considered on a per  u n i t  sediment volume b a s i s  t o  be 

somewhat lower f o r  o i l  than U.S. bas ins  a s  a  whole and about average f o r  gas, 

when considering est imated condi t ional  mean values. 

The condi t ional  est imates of undiscovered recoverable o i l  and gas f o r  t h e  

St. George basin a r e :  

Probabi l i ty  
95% -- 5% - 

S t a t i s t i c a l  
Mean 

O i l  ( b i l l i o n s  of b b l s )  0 .8  6.4 2.7 

Gas ( t r i l l i o n s  of cu. ft.) 4.5 18.6 10.3 

The curves show the  p robab i l i ty  d i s t r i b u t i o n  of condi t ional  and 

unconditional es t imates  of undiscovered recoverable o i l  and gas (Figure 2 4 ) .  

The condi t ional  es t imates  show t h e  l e a s t  amounts which a r e  expected, based on 

t h e  assumption (condi t ion)  t h a t  commercial o i l  o r  gas a c t u a l l y  e x i s t ,  

A marginal p robab i l i ty  i s  assigned t o  t h e  p robab i l i ty  of occurrence of 

o i l  and gas because S t .  George basin i s  a  f r o n t i e r  province. I n  t h i s  

instance,  t h e  marginal p robab i l i ty  of f inding commercial o i l  i s  est imated t o  

be approximately 60% and the  marginal p robab i l i ty  of f inding commercial gas is 

approximately 84%. The dashed l i n e s  on t h e  p robab i l i ty  d i s t r i b u t i o n s  are the  

unconditional es t imates  and reflect t he  appl ica t ion  of these marginal 

p r o b a b i l i t i e s .  



AGGREGATED UNDISCOVERED ASSOCIATED/DISSOLVED AND NON-ASSOCIATED GAS 

(TRILLION CUBIC FEET) 

Figure 24. Probability distribution for undiscovered recoverable oil and gas 
i n  S t .  George b a s i n ,  A laska.  



TECHNOLOGY AND MANPOWER 

Locat ion of Proposed Lease S a l e  

F i g u r e  23 shows t h e  l o c a t i o n s  of t h e  proposed s a l e  a r e a  c o n s i d e r e d  i n  

t h i s  s e c t i o n  on technology and manpower. The f o l l o w i n g  r e s o u r c e  e s t i m a t e s  are 

for  wate r s  less t h a n  200 m deep and sed iments  a t  l e a s t  1000 m t h i c k .  The 

s u r f a c e  a r e a  w i t h i n  t h e s e  r e s t r a i n t s  is  12.1 m i l l i o n  a c r e s  o r  4.9 m i l l i o n  

h e c t a r e s .  

Es t imated  Development Timetable  

Weather d a t a  is  incomplete  b u t  is somewhat s i m i l a r  t o  t h a t  of t h e  North 

Sea. The a r e a  i s  much more remote t h a n  t h e  o i l  f i e l d s  of t h e  North Sea,  wi th  

S e a t t l e  some 3,000 m i l e s  d i s t a n t ,  b e i n g  t h e  c l o s e s t  i n d u s t r i a l  and supply 

base.  Because of t h e  s e v e r e  weather  and remotness ,  s i g n i f i c a n t  r e s e r v e s  and 

advanced p roduc t ion  technology a r e  r e q u i r e d  f o r  s u c c e s s f u l  commercialization, 

Based on e x p e r i e n c e  gained i n  upper  Cook I n l e t ,  t h e  Gulf of Alaska and 

f i r s t  lower Cook I n l e t  Lease s a l e ,  it i s  e s t i m a t e d  t h a t  e x p l o r a t o r y  d r i l l i n g  

would commence one y e a r  a f t e r  leases are i s s u e d .  Assuming e x p l o r a t o r y  

s u c c e s s ,  p roduc t ion  p l a t f o r m  i n s t a l l a t i o n  would b e g i n  d u r i n g  t h e  f i f t h  y e a r  

a f t e r  l e a s e s  a r e  i s s u e d  ana would be completed i n  t h e  f i f t e e n t h  y e a r .  

Peak oil production, as l i m i t e d  by market f a c i l i t i e s ,  would occur i n  t h e  

t e n t h  y e a r  a f t e r  t h e  l e a s e  s a l e . l n d i v i d u a 1  f i e l d s  would have a twenty- f ive  

y e a r  l i f e  and a l l  p l a t f o r m s  w i l l  have been removed by t h e  f o r t i e t h  y e a r  a f t e r  

p r o d u c t i o n  &gins. 

A comparison wi th  t h e  Magnus d i s c o v e r y  i n  t h e  North Sea may be u s e f u l  f o r  

e s t i m a t i n g  what can p o s s i b l y  be encounte red  i n  t h e  Ber ing  Sea. Magnus is t h e  

f u r t h e s t  n o r t h  d i scovery ,  about  6 1 . 8 O  north l a t i t u d e ,  i n  n e a r l y  600 f e e t  of 

water  and is e s t i m a t e d  t o  c o n t a i n  over  400 m i l l i o n  b a r r e l s  of oil. It w i l l  

have one p l a t f o r m  w i t h  pe rhaps  36 w e l l s  and maybe a h a l f  dozen w e l l s  completed 



on t h e  s ea  f l o o r  S i x  to tpn  of the wel l s  may be water and gas i n j e c t o r s .  

Production w i l l  peak a t  125,000 barrels per day. The Magnus f i e l d  i s  

considered t o  be j u s t  ba re ly  economically v i ab l e .  

W e  e s t ima te  t h a t  a t y p i c a l  f i e l d  i n  t h e  Bering Sea might be e i g h t  mi les  

by t h r e e  miles  i n  s i z e ,  t hus  r equ i r ing  some undersea completions.  we l l s  would 

be d r i l l e d  a t  about t e n  per year  per  p la t form,  so would t a k e  about four  years  

p e r  platform.  

For t h e  mean ca se ,  we would t h u s  have perhaps f i v e  f i e l d s ,  averaging a 

l i t t l e  l a r g e r  t han  Maqnus. Only two f i e l d s  would e x i s t  i n  the 95% case and 

count ing a l a r g e r  average s i z e  of f i e l d  for t h e  5% case ,  t h a t  case would have 

about t e n  f i e l d s .  Our f i e l d  census (exc luding  d ry  gas f i e l d s )  would t hus  be: 

95% S t a t .  5% 
P r o b a b i l i t y  Mean P r o b a b i l i t y  

Oil f i e l d s  

Wells ( i n c l .  s e r v i c e )  8 0 250 450 

3 Peak product ion  (10 bbls /day)  150 375 7 5 0 

6 Peak gas ( 1 0  cu.Ft. /day) 165 415 82 5 

The d r y  gas cases would have these resources: 

95% s t a t .  5% 
P r o b a b i l i t y  Mean P r o b a b i l i t y  

Gas (1012 .,a f t . 1  2.6 6.3 16.1 

F i e l d s  1.0 2.0 5.0 

For dry  gas we e s t ima te  20 years  constant-product ion l i f e  f o r  each f i e l d ,  s o  

product ion "peak" would be : 

95% s t a t .  5% 
P r o b a b i l i t y  Mean P r o b a b i l i t y  

6 
Gas ( 1 0  Cu.Ft./day) 



W e  e s t i m a t e  t h a t  an  economic gas  w e l l  would have t o  produce,  abou t  30 m i l l i o n  

CFD and t h e  f i e l d s  would r e q u i r e  no i n j e c t i o n  w e l l s ,  s o  the e s t i m a t e d  census  

of gas  w e l l s  and p l a t f o r m s  is: 

95% S t a t .  5% 
P r o b a b i l i t y  Mean P r o b a b i l i t y  

Gas w e l l s  

P la t fo rms  1 2 5 

The c e n t e r  of t h e  b a s i n  i s  about  150-175 m i l e s  from Dutch Harbor a n d  Cold 

Bay where t h e  o i l  and gas may be p i p e d  a s h o r e  and t h e n  i n t o  s h i p s .  I t  is  

assumed t h a t  LNG p l a n t s  a r e  t h e  o n l y  way t o  s h i p  t h e  gas  o u t  t o  market.  The 

gas  from any o i l  f i e l d  would have t o  be  moved a s h o r e  by p i p e l i n e  a f t e r  pr imary 

s e p a r a t i o n  on t h e  p l a t f o r m s .  

Es t imated  F a c i l i t i e s  

E x p l o r a t i o n  b a s e s  would p robab ly  be a t  Cold Bay, 175 m i l e s  (281  

k i l o m e t e r s )  from t h e  c e n t e r  of t h e  b a s i n ,  and Dutch Harbor,  150 miles ( 2 4 1  

k i l o m e t e r s )  from t h e  b a s i n .  Docks and o t h e r  i n s t a l l a t i o n s  a r e  now b e i n g  b u i l t  

t h e r e  t o  s u p p o r t  a r a p i d l y  expanding f i s h i n g  i n d u s t r y .  

Recent exper ience  d r i l l i n g  i n  lower Cook I n l e t  i n d i c a t e s  t h a t  heavy d u t y  

semi-submers ibles  may be t h e  o n l y  equipment c a p a b l e  of s u s t a i n e d  w i n t e r  

o p e r a t i o n s  i n  c l i m a t e s  t h i s  severe .  A drill s h i p  was unab le  t o  o p e r a t e  i n  t h e  

s t r o n g  ( 8 0  k n o t )  winds d u r i n g  w i n t e r  and spring i n  lower Cook I n l e t  whi le  a 

semi-submersible con t inued  o p e r a t i o n s .  Larger  drill s h i p s  may be more 

s u c c e s s f u l .  The weather  of t h e  Ber ing  Sea i s  expec ted  t o  be worse t h a n  that 

i n  Cook I n l e t .  

P roduc t ion  f a c i l i t i e s  would compare wi th  t h o s e  of t h e  North Sea i f  

e q u i v a l e n t  r e s e r v e s  a r e  d i scovered .  T e n t a t i v e l y ,  one s c e n a r i o  f o r  t h i s  b a s i n  

would be subsea complet ions  w i t h  g a t h e r i n g  l i n e s  t o  a bottom-anchored f l o a t i n g  

p roduc t ion  p l a t f o r m  ( w i t h  a s s o c i a t e d  s t o r a g e )  and  w i t h  t a n k e r  p ickup f o r  



o i l .  It is  d o u b t f u l  i f  a f l o a t i n g  LNG p l a n t  cou ld  o p e r a t e  i n  t h e  s t r o n g  winds 

and h igh  s e a s  of t h e  basin, s o  gas would have t o  be p iped  ashore .  Another 

s c e n a r i o  would be subsea  complet ions  p l u s  p l a t f o r m s  wi th  t h e  o i l  p iped  ashore  

t o  a f a c i l i t y  on t h e  Alaska P e n i n s u l a ,  Unimak o r  Unalaska I s l a n d .  The l and  

n e a r e s t  t o  t h e  c e n t e r  of t h e  b a s i n ,  Cape Mordivinol  on Unimak I s l a n d  i s  120  

m i l e s  ( 193 k i l o m e t e r s )  d i s t a n t .  

Manpower 

Approximately 8 0  p e r c e n t  of t h e  e x p l o r a t i o n  manpower would probably  come 

from o u t s i d e  Alaska.  For p r o d u c t i o n  and c o n s t r u c t i o n  manpower, approximately  

8 0  p e r c e n t  would come from p e r s o n n e l  a l r e a d y  i n  Alaska. 

D r i l l i n g  Equipment A v a i l a b i l i t y  

W e  expec t  t h a t  t h e r e  w i l l  be enough b i g  semi-submers ibles  available a f t e r  

t h e  s a l e  occurs .  It depends partly on what s u c c e s s  Norway has i n  i t s  waters  

n o r t h  of 62O n o r t h  l a t i t u d e .  Drilling s u p p l i e s ,  p i p e ,  mud, etc., shou ld  be i n  

adequa te  supply.  Our l e a s e  s a l e s  have been extended somewhat, r e l a t i v e  t o  t h e  

e a r l i e r  schedule .  

Weather and Water C o n d i t i o n s  

The f o l l o w i n g  a r e  s e v e r a l  o b s e r v a t i o n s  of t h e  weather t a k e n  from Volume 9 

of t h e  U . S .  Coas t  P i l o t  (1979)  p u b l i s h e d  by t h e  N a t i o n a l  o c e a n i c  and 

Atmospheric A d m i n i s t r a t i o n ,  page 297. "The weather  over  t h e  Ber ing  Sea i s  

g e n e r a l l y  bad and very  changeable .  Good weather  i s  t h e  e x c e p t i o n  and does not 

l a s t  l o n g  when it does  occur .  Wind s h i f t s  a r e  bo th  f r e q u e n t  and r a p i d .  The 

summer season has  much fog  and c o n s i d e r a b l e  r a i n .  I n  e a r l y  w i n t e r  t h e  g a l e s  

i n c r e a s e ,  t h e  fogs  l e s s e n ,  and snow is  l i k e l y  any t i m e  a f t e r  mid-September. 

Winter  i s  t h e  t i m e  of a lmost  con t inuous  s t o r m i n e s s .  Heavy winds i n  any 

d i r e c t i o n  a r e  u s u a l l y  accompanied by p r e c i p i t a t i o n .  Poor v i s i b i l i t y  can he a 

problem a l l  year-around. A t  St. Paul  I s l a n d ,  f o g  and haze occur  2 0  t o  28  days 



per month (May through August).  A t  S t .  Paul t h e  minimum recorded temperature 

has been - 2 6 O ~  with an extreme high of ~ 4 % ~ "  

Meterological  t a b l e s  i n  U.S. Coast P i l o t  9 f o r  s t a t i o n s  i n  Bering Sea a r e  

incomplete,  bu t  from t h e  spa r se  data  t h a t  are ava i l ab l e ,  it i s  obvious t h a t  

severe condi t ions  of wind, temperature,  sea s t a t e  and v i s i b i l i t y  p reva i l  

throughout t h e  year. Numerous delays can be a n t i c i p a t e d  because of bad 

weather. 

Access 

Unimak Pass between Ugamak and Unimak I s l a n d s  i s  t h e  gateway t o  t h e  

Bering Sea and t h e  b e s t  sea rou te  t o  S t .  George Bas in  from Cold Bay and t h e  

south where all equipment, personnel  a n d  supplies w i l l  come from. 

Reeve Aleut ian  Airways opera tes  scheduled s e r v i c e  with Lockheed E l e c t r a s ,  

DC-6's, and C-46's and  YS-11's between Anchorage, Cold Bay, Dutch Harbor and 

p o i n t s  west a s  we l l  a s  a  direct Seat t le-Cold Bay route .  
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